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I. Introduction 

Many investigations of soil moisture have been made, especially 
during recent years, in attempts to learn something of its mechanics 
and its relations to plant growth. In a general way the dominating 
importance of the soil water to plants has long been recognized; 
but notwithstanding the large amount of work done up to the 
present time, we still lack some of the most fundamental, elemen- 
tary facts regarding the physico-chemical relations of the water 
and soil. This is true generally of that region of soil moisture 
which lies between what is called the wilting coefficient of the soil 
and air-dry soil, and more particularly of that critical region 
immediately below the wilting coefficient. 

The discovery of semipermeable coats in seeds in recent years 
by Brown (4), SCHRODER (30), and others has made it possible to 
measure approximately the force with which the colloidal gels of 
the seed attract water. In a former paper (33) it was shown that 
by means of osmotic solutions whose forces are known the imbibi- 
tion force of a seed at any given moisture content from saturation 
to air-dry could be determined approximately. 

Because of the rapid establishment of moisture equilibrium 
relations after disturbance in Xanthium seeds, this seed has been 
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chosen for a further investigation of the moisture relations of seeds, 
with special reference to the moisture held by soil particles. The 
main purpose of the work was to find some means of measuring 
the force with which particles of soils of varying fineness retain 
moisture at different degrees of dryness, and to obtain some more 
definite knowledge concerning the amount of “back pull” occur- 
ring in soils when the total moisture content is so low as to be 
unavailable to growing plants. Special interest centered in the 
conditions obtaining in the critical region at and just below the 
wilting coefficient. 

This paper presents the principal results obtained during the last 
three years. Since the osmotic method of measuring the internal 
forces of seeds is obviously restricted in practice to such seeds as 
have a perfectly semipermeable coat, a new method was attempted, 
based upon a determination of the vapor pressure equilibrium 
between seeds and osmotic solutions of varying strengths. This 
method has the advantage of being applicable to all sorts of seeds, 
regardless of the kind of testa present; but since VON SCHRODER 
(31) and Bancroft (2) have shown that colloids may not have 
the same moisture relations to gaseous moisture that they have 
to water itself, the values obtained by the vapor pressure method 
have not been used as the basis of comparison with soils in this 
work. The values for the internal force of seeds as determined by 
osmotic solutions of various strengths will therefore be used as a 
basis for comparing the moisture-holding power of fine soil particles. 

A number of soils have been used in the investigations, and it 
is believed that the methods of measurement used here will prove 
valuable in many kinds of soil moisture studies, since the deter- 
minations, while giving excellent data as to the physical relations 
of the soil moisture, yield at the same time results of considerable 
physiological significance. The results are more valuable, therefore, 
than purely physical determinations, because they can be inter- 
preted in terms of plant activity. For, after all, it is the plant in 
relation to its environment, not merely the environment, that we 
need to understand. 


The work has been carried on in the Plant Physiological 
Laboratory of the University of Kansas, and in the Hull Botanical 
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Laboratory of the University of Chicago, where all needed facilities 
have been generously provided. 


II. Historical 

The general status of our knowledge of the forces operative in 
soils was briefly discussed by CAMERON (10) several years ago. 
It is obvious from this account that up to the present time we have 
known very little about soil forces within the range of unavailable 
moisture, that is, between the wilting coefficient and air-dry 
condition of the soil. 

The attempts thus far made at measurement of the surface 
forces which are known to exist in finely divided matter of all 
kinds have been made from various angles, but they can be classed 
under two main heads: (a) physical, and (}) physiological. 

PHYSICAL’ MEASUREMENTS 

A. HEAT OF WETTING METHOD.—The principle of heat of wetting 
was discovered by POUILLET (26) a good many years ago. He 
found that all kinds of dry powders, from inorganic substances 
and porous organic matter, yielded heat on being wet with fluids 
like water, oil, alcohol, etc. The organic substances yielded the 
greater amount of heat because, he stated, the organic matter was 
composed of particles incomparably thinner than the finest inorganic 
powders. 

The literature dealing with the application of this principle to 
measurements of surface force has been reviewed so recently by 
PATTEN (25) that it will not be necessary to go into the details of 
it here. It will be sufficient to point out that through the work of 
RosE (28) and JUNGK (19) we gained the conception that water is 
condensed on the surface of the powdered inorganic or finely divided 
organic substances, and that the release of heat is due to this com- 
pression. The quantitative studies of NAGELI (23) made it possible 
for SACHS (29) to calculate the surface forces in starch grains. 
Since JouLE had shown that 34.3 atmospheres of pressure raises 
the temperature of water 0.03° C., the amount of heat produced 
by starch on being wet would indicate much more than 10,000 
atmospheres of surface force compression. SACHS assumed, of 


course, NAGELI's theory of the structure of organic matter. 
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The physicists Younc, Dupré, and Lord RAYLEIGH have esti- 
mated the surface forces of finely divided absolutely dry matter 
at from 11,000 to 25,000 atmospheres. LAGERGREN’S (20) estimate 
for charcoal fine enough to have 4 sq. m. of internal surface per 
gram was 6150 atmospheres. 

It is probable that this method would give results too high for 
soils, for, as MUntz and GAUDECHON (22) have shown, there are 
other sources of heat release than mere compression when absolutely 
dry soil and water are mixed. Heat of solution, dilution, and 
hydration may make considerable errors in estimates of surface 
forces by this means. The statement frequently made that the 
force of surface condensation in soils runs from 6,000 to 25,000 
atmospheres, as by CAMERON (10), and by Brown and Situ (5), 
is based upon the discussion previously mentioned. 

B. COMPRESSION METHOD.—RODEWALD (27) has used a different 
method in measuring the forces on the surface of starch particles, 
which has the advantage of being a direct method; that is, the 
forces of compression are measured by the amount of compression 
produced instead of by the amount of heat produced. He found 
that 1 gm. of oven-dry starch absorbed 0.326 gm. of water in becom- 
ing saturated. But while the starch swelled, the swelling did not 
amount to as much as the volume of water absorbed. In other 
words, there was a volume loss due to compression of the water. 
The amount of volume loss was 0.0432 cc., and if we refer this to a 
gram of water, the volume loss is equal to 0.1325 cc. per gm. The 
compression coefficient of water is calculated by WULLNER to be 
0.00004659 cc. per gm. for each atmosphere of pressure exerted. 
This would give a pressure of 2821 atmospheres for the compres- 
sion actually obtained if we refer the compression solely to the 
water involved. 

By a slightly different method of calculating the force of com- 
pression RODEWALD obtained a result of 2523 atmospheres, which 
is not referred to the water alone, but to the whole system of starch 
and water. He thinks that the close agreement shows that water 
alone is involved, or that starch happens to have about the same 
coefficient of compressibility as water. 


The low value obtained by RoDEWALD as compared with the 
values for inorganic bodies, PATTEN thinks is due to the fact that 
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imbibition and absorption are both involved in the starch, and 
that a much lower value must be obtained than where absorption 
alone occurs. On the other hand, it will give a higher value than 
where imbibition alone occurs. 

While these determinations of the surface force in absolutely 
dry matter are interesting, they have no practical value, for such 
forces as these do not occur in ordinary soils containing capillary 
moisture, or even in air-dry soils and seeds, for it is evident that 
the air-dry soil or seed already holds as hygroscopic moisture the 
water that it would absorb with such remarkable energy if the 
particles were absolutely dry. However, the figures give us an 
idea of the power with which these substances retain the last part 
of their hygroscopic moisture, which must be a force opposite to 
and equal to that with which wetting occurs. 

C. VAPOR PRESSURE AND CENTRIFUGAL FORCE METHODS. 
Other physical measurements have been worked out, some of which 
are very useful, as for instance HILGARD’s hygroscopic coefficient 
(16), a measure based on vapor pressure relations, and the moisture 
equivalent of Briccs and McLAne (6). The latter is particularly 
valuable, since BricGs and SHANTz (7) have shown its relation to 
various physical and physiological amounts of water. But only 
one of these measurements can be expressed at present in units 
which permit a comparison of the soil forces with the osmotic 
forces of the roots of plants. 


PHYSIOLOGICAL MEASUREMENTS 

The most important attempt at a physiological measurement 
of the soil forces is that of Br1iGGs and SHANTz (8), who use the 
wilting coefficient, or percentage of moisture in the soil at the wilt- 
ing of the plant, in determining unavailable moisture. However, 
recent work by CALDWELL (9) and by SHIVE and LivINGsToNn (32) 
shows that within certain ranges the permanent wilting of the 
plant is a function of the intensity of atmospheric evaporation, 
and that the wilting coefficient should be rather a measure of the 
moisture in the plant at the time of wilting than of the moisture in 
the soil. The constancy of this measure is therefore open to some 


question, and its value and limitations in physiological studies are 
to be determined. 
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Another important physiological study of soil-moisture relations 
is ALWAY’S (1) investigation of the relation of non-available water 
to the hygroscopic coefficient. He has shown that some kinds of 
plants can remain alive for a considerable time after growth ceases 
from lack of moisture, while others die rather promptly. This is 
doubtless one of the main differences between xerophytes and 
mesophytes. In the case of desert perennial legumes, life was 
maintained even after the soil moisture had fallen slightly below 
the hygroscopic coefficient. These results emphasize the need of a 
measure for the surface force of soils which can be expressed, or at 
least interpreted, in biological rather than physical terms. 

There have been few observations on the relation of seeds to 
soil moisture. BOGDANOFF (3) studied the relation of germinating 
seeds to soil moisture, and presents many interesting facts. WHIT- 
NEY and CAMERON (36) noted the fact that a quantity of cowpeas 
whose hygroscopic moisture amounted to about 14 per cent, when 
mixed with an equal quantity of soil which contained 15 per cent 
of water, took up 12.1 per cent of their own weight, leaving only 1.3 
per cent of moisture in the soil. That is, the soil was practically 
air-dry. In the paper referred to (33) I have shown that the initial 
internal force of air-dry seeds is little short of 1000 atmospheres; 
if this condition be general among air-dry seeds, the behavior of 
the cowpeas can easily be understood. The relation of seeds to 
soil moisture and vapor pressure will be considered in more detail 
later. 

III. Materials and methods 

MATERIAL.—The Xanthium seeds used in the experiments dis- 
cussed in the following section were secured from plants raised on 
the experimental grounds of the University of Kansas in 1913. 
Originally all of the seeds planted were from a single plant of 
X. pennsylvanicum Wallr.. The 119 plants obtained were very uni- 
form in all their obvious characters, and since it has been shown 
(34) that the intermingled local types of Yanthium are practically 
isolated by differences in the blooming time of each species, the 
seeds may be considered as having come from a fairly pure line. 
This was thought desirable in order that the individual variations 
of the seeds might be reduced to a minimum, and that consequently 
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more uniform behavior might be obtained under experimental con- 
ditions. The other seeds used were obtained from local seedsmen 
under the names given. 

The soils used in the major portion of the work will be charac- 
terized briefly. As a representative of heavy clay soil, the subsoil 
of the Oswego silt loam was chosen. Specimens of this subsoil were 
obtained from Riley County, Kansas, on an area about 2 miles 
west of Manhattan. The Oswego silt loam is a residual soil derived 
by weathering from underlying unbedded shales and sandstone, 
with the shales predominating. Its subsoil forms a hard, compact, 
brittle soil, with a gray to dark brown color. The average com- 
position as determined by mechanical analysis is given in table I. 

TABLE I 
SAND 
Coarse Medium Fine Very Fine 


2.4 per cent 0.5 percent 4.4 percent 3.2 per cent | 01.3 per cent | 30.4 per cent 


The moisture equivalent is 35.2 per cent, and the wilting 
coefficient is 19.1 per cent. The general details in regard to the 
Oswego silt loam and its subsoil may be obtained from the Eighth 
Report, Field Operations of the Bureau of Soils (11). 

As a contrast to the heavy silt clay, a fine quartz sand, the 
no. 2/0, which is manufactured by the Wausau Quartz Company 
from quartz rock, was chosen. This grade passes through a 124- 
mesh screen, and over a 147-mesh screen. The average diameter 
of the particles is very close to 0.10 mm. The chemical analysis 
given below shows it to be a very pure quartz sand. 


Silicon: GHONIGE. 5 cence. 99.07 per cent 


Iron oxide 


bs ok eS aecviere edray orate. eerie a ose CSET 
ASIEN OBIE 6 sok el ewe nee See ee ©. 52 
Hygroscopic moisture... ......0.000. Kon 206 
RinidetGHMHOl osc cs a ctwadesneeeer .. 0.18 

100.00 


The moisture equivalent is 2.41 per cent and the wilting 
ethcient 1.3 per cent. 


2 CO- 
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For a comparative study of the moisture relations of seeds and 
soils at the wilting coefficient of the soil, a series of soil samples 
was obtained from Washington, D.C. The necessary data regard- 


ing these soils are given in table II. 


TABLE II 





— Locality Soil type Force nal coon He Ger an * 
I......./Yuma, Arizona Sand 1.35+0.04 0.73+0.02 ©. 205 
2.......|Highmore, 

South Dakota Loam 23.79+0.10 | 12.930.05 Chee: 
Oa Ee North Platte, Very fine 

Nebraska sandy 

loam 15.33+0.08 | 8.33+0.08 1.836 
4.......|North Platte, 

Nebraska Loam 22.84+0.03 | 12.410.02 2.28 
5.......|Amarillo, Texas Clayloam| 29.65+0.02 | 16.12*0.01 3.82 
Dee North Platte, Neb.) Clayloam| 30.08+0.04 | 16.340.02 5.21 
7,....../Akron, Colorado | Finesand| 5.g0+0.05 3.21+0.03 0.75 
8....... Yuma, Atigena Sand 1.53+0.01 0.83+0.01 0.218 
g....... Akron, Colorado | Loam 19.91+0.12 | 10.82+0.06 3 


* The hygroscopic moisture was determined at the time of use in an ordinary dry oven. The other 
figures were furnished by Dr. Lyman J. Briccs, of Washington, D.C. 

Metuops.—While the internal forces of Xanthium seeds have 
been approximated by osmotic means, many seeds lack semi- 
permeable coats. For such seeds a vapor pressure method has 
been used which gives results which are in a way comparable to 
the osmotic measurements. It consists essentially in measuring the 
vapor pressure equilibrium of the air-dry seeds over sulphuric acid 
of varying strength, and calculating the internal pressure of the 
seed from the vapor pressure of the solution over which it was 
found to be in equilibrium. Owing to our slight knowledge of the 
concentrated solutions and of the exact relations of colloids to 
water vapor, the calculations can give only a rough estimate of 
the internal forces of the seeds, but they are near enough to the 
osmotic determinations to be of great interest. 

The sulphuric acid series was chosen with some reference to 
the LANDOLT-BORNSTEIN tables to facilitate calculation. Begin- 
ning with water, the series included 16, 26.5, 35, 39, 50, 54, 57-5, 
66, 73, 84.5, and 96-99 per cent H.SO,. These fluids were placed 
in tightly sealed, small, wide-mouthed bottles. The seeds to be 











1916] SHULL—SOILS 9 


tested were suspended in shallow paper baskets a few millimeters 
above the surface of the acid, the baskets being hung on cotton 
threads fastened to the corks with carna-uba wax. All metallic 
condensers were thus avoided. After the seeds were carefully 
weighed and arranged, the bottles were sunk in a trough of running 
water to prevent any considerable changes in temperature. Con- 
densation effects due to change of temperature could not occur 
except over water, for MITSCHERLICH (21) has shown that even 
10 per cent sulphuric acid will prevent deposition of dew in deter- 
mining hygroscopic coefficients of soils. It may be questioned 
whether the inclosed space actually reaches the vapor pressure of 
the solution, for, as HILGARD (17) points out, it is most difficult 
to secure complete saturation in the case of water vapor. How- 
ever, the space of air to be brought into equilibrium with the 
solution vapor pressure in these experiments is very small, and it 
seems probable that the whole system of liquid, air, and seed 
comes to an equilibrium pressure in the time of the experiment, 
except possibly in the case of water. After allowing 15 days for 
reestablishment of equilibrium by the seeds, the point of no change 
was determined by weighing. 

The osmotic pressure of the sulphuric acid is roughly deter- 
f—f' SRT 

PM?’ 


in which f is the vapor pressure of pure water at the temperature 


mined by the use of the vapor pressure formula P=" 


of the experiment, /' the vapor pressure of the acid, 7 the molec- 
ular weight of the solvent’s vapor, JT the absolute temperature, 
S the density of the sulphuric acid, and R the gas constant. The 
osmotic pressure (7) is given in grams per square centimeter, and 
must be reduced to atmospheres. This formula has been developed 
for dilute solutions and does net hold accurately for high concen- 
trations, but there are at present no data on which to base more 
accurate estimations. The boiling-point method yields a result 
close to that given by this formula for sulphuric acid, as will be 
shown later. 

The earliest soil measurements were made with no. 2/o sand. 
Seeds of known weight were packed firmly in sand of known 


water content in paraffined wire baskets, and allowed to come to 
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equilibrium. The tests were confined finally to the region of soil 
moisture from air-dry to the wilting coefficient, for with a higher 
moisture content the seeds always became saturated with water. 
In the case of this sand it was not until the water content was 
reduced to about 1 per cent that a noticeable “back pull” was 
developed by the soil. 

This method is obviously open to the criticism that friction 
retards the movement of water in dry soils, and that the seeds 
therefore do not reach actual equilibrium with the total soil mass, 
but only with the soil lying very near them. In order to meet this 
difficulty a rotation method was adopted which brings the seeds 
constantly into contact with fresh soil particles. 

A definite amount of dry soil, usually 60 gm., was taken, and 
the desired amount of water thoroughly mixed with it. In this 
condition the soil was divided finely enough to pass through a 
2 mm. sieve. The moist soil was then placed with dry seeds in 
a wide-mouthed 200 cc. bottle, without completely filling it, so 
that rotation would constantly mix the soils and seeds. The bot- 
tles were carefully sealed with heavily shellacked corks to prevent 
loss of water during the period of rotation. 

These bottles were arranged on rotating wheels, driven by a 
motor and controlled by a speed reducer (fig. 1). The range from 
air-dry to wilting coefficient was divided into to fairly equal 
divisions, giving 11 tests in each series. The rotation was con- 
tinued for 15 days, this time having been chosen after making 
tests as to the effect of differences in duration of the experiment 
on the amount of intake by the seeds. For instance, no. 2/o sand 
with about o.2 per cent moisture added permitted an intake of 
22 per cent of their weight by the seeds in 5 days, and a parallel 
test showed 21.7 per cent intake in to days. Fifteen days, there- 
fore, seems ample time for the establishment of equilibrium. At 
the end of the time the bottles were opened, and the seeds very 
rapidly separated from the soil and brushed free of all dust with a 
camel’s-hair brush. The soil and seeds were both placed in weigh- 
ing bottles as quickly as possible, to prevent serious loss of water 
by evaporation. The soil was weighed carefully and dried at 


104° C. until loss ceased. The seeds also were weighed. The 
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moisture content of the seeds and soils at the time the bottles were 
opened expressed the equilibrium relation of that soil moisture 
content. 

Since means are at hand for determining the internal force of the 
seed at practically any moisture content, it is possible to determine 





Fic. 1.—Rotator used in these experiments, with motor and speed reducer. 


from the data the forces of the soils which are in equilibrium with 
those of the seed. 

The principal sources of error lie in the fact that moist soils 
and seeds cannot be handled in ordinary atmospheres without 
some loss by evaporation during the handling, and in the fact that 
hot-air ovens for drying are not as accurate as vacuum driers. 
No claim is made for greater accuracy than these methods will 
permit. Of course, every precaution was taken to reduce errors 
to a minimum, and the work was done with the greatest speed 
and accuracy possible. It is confidently believed that the results 


to be obtained by more refined methods and more expensive 
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apparatus would in no way change the nature of the conclusions 
to be drawn from the results. 


IV. Experimental results 

A. MEASUREMENT OF THE SEEDS.—The measurement of the 
internal forces of Nanthium seeds by means of NaCl and LiCl 
solutions has been repeated and extended with full confirmation 
of the previously published results. The data are presented in 
tabular form for the sake of convenience in table III, and these 
figures may serve as a basis of comparison in the soil experiments, 
where the surface forces of the soil particles, instead of osmotic 
pressure, are pitted against the internal forces of the seed. The 
data were secured with the lower seeds of Yanthium pennsylvanicum. 


TABLE III 


TEMPERATURE 
eee INTAKE IN PERCENTAGE OF AIR-DRY WEIGHT 


MOISTURE INTAKE OF Xanthium SEEDS IN OSMOTIC SOLUTIONS; 


Osmotic 
Solutions volume 








rlarlag 1 hour 4 hours 7 hours 1o hours | 24 hours | 48 hours pron sas 
pheres 

PR Se ete atin 16.39 44.38 48.78 50.38 51.18 51.58 0.0 
o.1 M-NaCl 16.79 | 39.43 | 45.87] 46.48 | 46.39 | 46.33 3.8 
o.2 M-NaCl ry 22 38.67 45.00 45.57 45-93 45.52 a 
0.3 M-NaCl 16.07 34.05 40.75 41.05 42.2 42.05 11.4 
0.4 M-NaCl 14.36 43.91 38.08 39.97 40.33 40.27 is.3 
0.5 M-NaCl 13.96 30.26 35.87 38.08 38.70 38.98 19.0 
0.6 M-NaCl....| 13.80 25.57 32.41 33-57 | 34:77 35.18 22.8 
0.7 M-NaCl.... 12.32 26.29 30.99 45.92 32.79 | 32.85 20.6 
0.8 M-NaCl....| 13.13 a5 22 29.21 29.95 20-32 a 30.4 
o.g M-NaCl 12.58 24.34 27.64 28.95 29.14 29.79 34.2 
1.0 M-NaCl II.go 22.92 25.42 20.48 26.21 26.73 38.0 
2.0 M-NaCl 8.19 14.55 18.25 18.43 18.60 18.55 72.0 
4.0 M-NaCl. 4.81 8.37 9.84 10.08 11.00 11.70 130.0 
Sat. -—NaCl 2A? 4.94 5.24 5.84 6.21 6.35 258.6 
pat. —LiIClL....<. —o.67 | —0.77 | —0.58 | —0.58 | —o 58 | —0.29 = 905.0 


The results obtained by the vapor pressure method over sul- 
phuric acid are shown in table IV, and some of the curves of 
moisture intake showing the point of natural equilibrium are shown 
in figs. 2 and 3. 

As the table and curves show, the seeds are initially in moisture 
equilibrium with sulphuric acid of 46-54 per cent strength. In 


general the seeds which have carbohydrate reserves in greatest 
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abundance seem to have a somewhat lower equilibrium point than 
those with high fat and protein content. 

The osmotic pressure of the sulphuric acid calculated from the 
vapor pressure formula given runs from 1000 to 1350 atmospheres. 
The validity of the vapor pressure formulae will 



















F : : a 
be discussed later. If colloids absorbed as much 50% 


moisture from a saturated atmosphere as from 
water, it might be safe to assume that the inter- a 
nal force of the seeds is equal to the osmotic 40 
force of the solution. But if VON SCHRODER’S 
work holds for all colloids, this vapor pressure 
method may give abnormal values. If the colloids 
always tended to take up more water when in con- 
tact with the fluid, above the equilibrium point as 
well as below, the values given here would be too 
low, as the equilibrium point would be shifted 
toward the stronger acids. If, on the other 
hand, intake is increased below the equilibrium 




















; ae : r 15 

point, and loss is increased correspondingly 

above the equilibrium point, the shape of the ™ 

Ps 

curve would be changed, but the 

equilibrium point would remain fixed. Ls 
P —— 7 0] 

(a Wiis 

b ———— 

c b-5 
v a ¥ v ¥ 7 v ~ a i ee v —7 
100% 84.5 73 «66 =«=657-554 50 39 35 = 26.5 16 H50 

Fic, 2.—Curves of moisture equilibrium of seeds suspended over sulphuric acid 
a, Pisum sativum; b, Stowell’s evergreen sweet corn; c, Xanthium pennsylvanicum; 
abscissae, strength of sulphuric acid; ordinates, moisture intake by seeds in percentage 


of air-dry weight. 

The values run higher with the H,SO, than with the lithium 
chloride solution, as given in table III. There is one source of 
possible discrepancy which needs to be mentioned. The vapor 


pressure tests were all made in Kansas, where the climate averages 


drier than at Chicago, while the osmotic measurements were all 
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made at Chicago. The hygroscopic moisture of the seeds was 
uniformly near 5.5 per cent in Kansas,! while at Chicago the 
hygroscopic moisture was rarely less than 7 per cent, usually above. 
The equilibrium point would naturally run higher, therefore, in a 
drier climate. However, it is not claimed that the discrepancy 
would entirely disappear if repeated with seeds of 





































the same moisture content. we 
e Zs » 4 
There seems to be little doubt as to the high 
osmotic strength of the sulphuric acid, for the 5 
boiling-point method of measuring osmotic press- 
ure gives a value in close agreement with those L 30 
just given. The boiling point of 53 per cent H,SO, 
is 128.5° C. If for each rise of 0.52° C. we may b 25 
assume an osmotic pressure equal to one mole of 
dissolved substance (HOBER, Phys. Chem. p. 19), b 20 
this strength of sulphuric acid should have an 
osmotic pressure of 1227 atmospheres. a 
At all events, it is safe to con- 
: an . ~ . , , - 10 
clude that air-dry seeds possess a very 
high internal attraction for water ; 
r 
44 
b Qua 
C b5 
100 % 84.5 73 66 57.554 50 39 35 26.5 ry H>50 
lic. 3.—Curves of moisture equilibrium of seeds suspended over sulphuri 
1, Ricinus communis; b, Triticum sativum; c, Orysa sativa; abscissae, strength of 
sulphuric acid; ordinates, moisture intake by seeds in percentage of air-dry weight. 


which at the initial moment of intake is but little short of rooo 
atmospheres. Owing to uncertainty of the figures for sulphuric 
acid, only those obtained by direct contact with osmotically 
active solutions will be used as a standard for the following soil 
experiments: 

'Seeds sent to Washington were dried in the vacuum oven by Mr. A. B. ( 


BELL. | pper seeds averaged 5 45 per cent of the absolute dry weig! t. and er 


seeds average d 5 


2 per cent of their absolute dry weight 
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B. THE SURFACE FORCES OF SOILS.— 





[JULY 


1. The Oswego silt loam. 


A number of tests were made with the subsoil of the Oswego silt 
loam, the results of 4 of which are shown in table V. 


The air-dry 


soil apparently holds its moisture with about the same force as do 


air-dry seeds, a result one might expect, since both are in moisture 


equilibrium with the same atmosphere at air-dry. 


TABLE V 


RELATION OF SOIL MOISTURE IN SUBSOIL OF OSWEGO SILT LOAM TO WATER INTAKE 


BY SEEDS OF Xanthium pennsylvanicum 


Soil H.0 Intake H.0 
in percentage of absolute in percentage of 

weight | air-dry weight 

I 
6.66 (air-dry)....... 0.97 
CE OR EC Ee PER 3.45 
BAUD a aries okie ore at 0.25 
POR a sees lanbarsie 9.58 
Reise oe eae ees II.Q4 
EO ASR Ss ctinoc yaw bie ors 17.46 
BR secede imide shake 20.62 
BOO cate scans te aes 34.00 
Sy (Re LA ae erie eae 39-77 
BR oc crs ee ares 41.79 
EGO aise sien ae Shel 40.54 
II 

ECC. . —e 0.00 
RY seas Wik ain oes ee oe 2 uQt 
ey ee aare mies aials we elara 5. 18 
g.10 ih ia ae a 0.55 
Ln) a ee =38 9.81 
6 | a aa Sr 19.93 
TE | ie 23.838 
Elona Moke ecctas 31.54 
PYRO fo-ferhe Dale aie 37.70 
he / S|, ROR oo EE 43.25 
Driers cna wikia as os 43-79 


As soil moisture is increased, the moisture intake by 


Soil H.0 


in percentage of absolute 


16 
Id 


19.3 


weight 


(aiVeGtY) |... 6 cuss 


EO: s 


05 


| 
Gia. 


30 


10 


40 


.gI 


Id 


S- 


ae 


O4 


a iy ae 


Intake H.0 
in percentage of 


air-dry wei 


0.38 
1.58 
3-73 

0.10 
10.706 
r5.79 
21.30 
28.01 
33-50 
45.15 
49.31 


0:53 
+1.006 
3.68 
0 47 
10.52 
15.51 
rs re 
32.00 
41.938 
47.20 
50.00 


ght 


the seeds 


increases at a much more rapid rate, until the approaching satura- 


tion of the seed begins to cut down the absorption rate. 


This 


happens as the soil moisture approaches the wilting coefficient. 


Reference to fig. 4 will make the relationship of soil moisture 


content to seed intake clear. 








Soe 
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The general situation is strikingly illustrated by table VI, which 
combines the results of the 4 experiments of table V. While there 
are a number of discrepancies, as one might expect, it is evident 
that the method can be used in measuring approximately the forces 
residing on the surfaces of soil particles at various soil moisture 
contents. For instance, when this soil contains about 9.36 per 


_ 
45 9 


40 4 





mn 


5 10 15 








SF 


2 


Fic. 4.—Curves showing relation of moisture intake by seeds to increasing soil 
moisture, plotted from experiment 4, table V; abscissae, percentage of soil moisture 
in terms of absolute dry weight; ordinates, percentage of increase of soil moisture 
above air-dry weight for the soil moisture curve (straight), and percentage of intake 
by seeds in terms of their air-dry weight. 


cent of moisture (3.5 per cent above air-dry), it is in moisture 
equilibrium with seeds at 6.47 per cent above their air-dry weight. 


The seeds attain about the same equilibrium point with saturated 


NaCl solution, which has an osmotic pressure of 375 atmospheres, 
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' 
from which it follows that the surface force of the soil particles 
at the given moisture content is also approximately 375 atmospheres. 
TABLE VI 
RELATION OF SOIL MOISTURE TO INTAKE BY SEEDS; DATA OF 
TABLE V COMBINED 
Soil moisture in Intake by seeds in Osmotic pressure equal to surface . 
percentage of absolute | percentage of air-dry - 1 aa 
machine aaht force in atmospheres 
4.65 (air-dry)... —0.53 ee eee eek 
5.83 (air-dry)... 0.00 LiCl saturated = 965 atmospheres 
5.95 (air-dry)... 2 cis ea NEO Ene ced 
66 (air-dry)... ati ics ere tntemmere Weir tes 
ET Ree) Parsee gutens yx x 
Ve I.go! 697 
MR aie ores | Cee Cie ere 
ee 2043 (532) 
098s atc aie mise 4.25 
SE Sa 3 68 
Be ira, oa vere we 5.18 
68 6.16 (418) 
Se are rae Oo. 26 
10 0.55 0% 
36 6.47 NaCl saturated = 375 
Ons Bese) Bavarian tiie oeeee 
32 OY idee er wet, eee ae 
SI 9.81 
16 10.82 
6632.5. 15.79 
“| eas 11.94 4M.NaCl=130 
4D)... I5.oI . 
74 17.46 
peek 21.36 2M.NaCl=72 
fee rh ee 
23 23.88 
75 ; seoteta 20.02 
oe ae 28.61 M .NaCl= 38 
ee se 32.60 
“it eee eras 31.54 ; 
OMe cela ars = 34.00 M.Ce6H:.06= 22.4 
| Ie pss 33.86 
10 27.70 0.5 M.NaCl=19 
12 41.98 0.4 M.NaCl=15.2 
Bieia <d:61050 * e3.'s 30:77 ‘ , ‘ 
93 43.25 0.3 M.NaCl=11.4 
O07 41.79 . . 
07 45.15 o.2M.NaCl=7.6 
87. 47.26 o.1 M.NaCl=3.8 
a. Parra ae ‘ 49.31 
eer eae 43-79 
a ape ats 40.54 
04 , 50.00 
eee ane SUR tas 51.44 Saturated =0.00 
* Values in parenthesis calculated from the curve, of moisture-holding power of the soil as deter mined 
y the known values. | 








' 
| 
| 
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When the soil moisture reaches 6 per cent above air-dry, the 
moisture intake by seeds indicates a force equivalent to 4M. NaCl 
solution, which is estimated to exceed 130 atmospheres. At 11 
per cent above air-dry the holding power of the soil has fallen to 
22.5 atmospheres approximately. 

In this manner, comparing the percentage intake from the soil 
with that from the solutions, as given in table III, one may estimate 
the surface force for any given moisture content of the soil, each 
soil type, of course, having specific relations. If it were possible 
to make absolutely accurate determinations for several points in 
the curve of moisture intake by seeds, as related to the curve of 
moisture increase in a particular soil, it would be a simple mathe- 
matical problem to calculate the exact water-holding power of 
the soil particles at any soil moisture content whatsoever for 
that soil. 

2. The no. 2/0 sand.—By preliminary tests ranging from 17.5 
per cent to 1 per cent of moisture it was found that there was no 
significant water-holding power in this sand until the moisture 
content fell to less than 2 per cent. At 1 per cent of soil moisture 
the seeds took in over 45 per cent of their own dry weight. 

The results of a series of tests running from air-dry (0.14 per 
cent) to a little beyond the wilting coefficient (1.3 per cent) are 
shown in table VII. 

rABLE VII 


RELATION OF MOISTURE IN NO. 2/0 QUARTZ SAND 
rO MOISTURE INTAKE OF Xavthium SEEDS 


Soil H,O Intake H,O 
in percentage of absolute in percentage of air-dry 
weight weight 


14 (air-dry 


2) 300 
Ol360 5 c.. +1.407 
». 175 5.02 
0. 203 21.51 
>. 44 33.95 
ere | 42.4 
1.03 45.64 
r.49Q.... 47.40 
1.79. 5 0 
14. 72.95" 
*Four seeds showing incipient germination, hypocotyls 
averaging 3 mm. long 
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In this sand the very rapid decrease in the force with which 
its particles hold water as moisture content increases stands in 
sharp contrast to the slower decrease in the heavy clay subsoil. 
While the air-dry sand gives the same kind of result as the air-dry 
clay, by the time the sand contains 0.44 per cent of water the 
seeds secure as much water as they do in a molecular solution of 
non-ionizable salts. This indicates a force of 22.4 atmospheres. 

3. Various soil types.—The results obtained with the subsoil of 
the Oswego silt loam and the no. 2/o sand suggested that there 
might be a general relationship between soils and seeds as regards 
the amount of moisture seeds will absorb at the wilting coefficient 
of the soil, whatever value the wilting coefficient might have. To 
clear up this point, the soil types of table II were used. Each soil 
was brought as nearly to the wilting coefficient as possible by 
addition of water. The closeness of the experimental conditions 
to the wilting-coefficient determinations is shown in columns 3 and 4 
of table VIII. 


TABLE VIII 


RELATION OF WILTING COEFFICIENT TO MOISTURE INTAKE BY SEEDS 


Percentage of 











Soil types hygroscopic Percentage of Percentage of Percentage of 

‘“ AEE ES wilting coetticient soil H.O seed intake 
f. pand (COATSE) 4.5... 0.205 0.73+0.02 0.65 34.44 
BONE es ron on 3.130 12.930.05 12.606 49.02 
3. Sandy loam (very fine) 1.836 8.33+0.08 7.86 48.38 
BAAR a cles oie Sc ie 2.280 12.41+0.02 | 13.30 49.01 
oi, Gs Cc a 3.820 16.12+0.01 | 16.01 49.49 
0: Noa TOR. 5 ccs: 5s 5.210 16.34+0.02 | 7.78 47.31 
ty, MARR SATEEN 5 bo oo avs 0.750 3.210.03 3.19 49-77 
8. Sand (coarse)......... 0.218 0.83+0.01 0.80 40.98 
Gh! B70 ce oe eee 2.30 10.82+0.00 10.51 50.42 


The percentage of moisture taken up by dry seeds placed in 
each soil is shown in the last column of the table. With the excep- 
tion of the two sands from Yuma, Arizona, which are coarse, the 
results are fairly uniform. In two cases the soils adhered badly 
to the seeds, making accurate work very difficult; but corrections 
were made as carefully as possible. In all the other soils the seeds 
remained clean, or were easily brushed free of adhering particles. 


The average intake for the 7 types, excluding the coarse sands, is 
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approximately 49 per cent, and this average agrees rather closely 
with the intake in the Oswego silt loam subsoil and in the no. 2/0 
sand at their wilting coefficients. This probably means that the 
wilting coefficient represents a fairly definite water-holding power 
for the soil particle, regardless of its size. By comparison of the 
results given in table VIII with those given in tables III and VI, 
it is seen that the “back pull” of the soil particles, the force with 
which they withhold water from seeds and plants at this critical 
moisture content, is not more than the equivalent of o.1M. NaCl 
solution, or 3-4 atmospheres. This value is surprisingly low. 


V. Discussion 


In this paper the term internal forces of seeds is used to designate 
the resultant of all forces within the seed tending to cause intake 
of moisture; and by surface forces of soils is meant the resultant of 
all the forces of adhesion, cohesion, surface force, etc., as determined 
by size, chemical composition, and character of the surface of the 
soil particles, which cause the soil to retain moisture. 

In order to make clear the nature of the problems involved in 
this work we shall first consider rather fully the moisture relations 
between seeds and their environment, and then the moisture rela- 
tions of soils to seeds and to the root hairs of living plants. A 
careful study of the moisture relations existing between organic 
bodies, like seeds, and the atmosphere, the soil, and osmotic solu- 
tions, if the seeds have semipermeable coats, convinces one that 
the entrance or exit of water from the seed is due to the interplay 
of such internal forces as capillarity, imbibition force, colloid 
hydration forces, etc., with external forces such as atmospheric 
evaporation, the surface forces active on soil particles, osmotic 
pressure, etc., according to the environment of the seed. Moisture 
flows into or out of the seed as one or the other of these sets of 
forces is the greater. Movement of water continues only until 
the two forces, unequal at the start, become equal. This establishes 
moisture equilibrium, and further movement of water must be 
consequent to some disturbance, external or internal, of the bal- 
anced condition of forces. Moisture equilibrium may obtain at 


any moisture content of the seed, if only the two forces are equal. 
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The attempt to measure the internal forces of seeds with semi- 
permeable coats by means of osmotic solutions was based upon 
this conception of the moisture relations, and on the assumption 
that the total osmotic pressure of the solution is transmitted through 
the membrane as force when pitted against the internal forces of 
the seed through the agency of the semipermeable coat. The’ 
results of this attempt have been highly satisfactory, and I can 
see no good reason for doubting that the internal forces of air-dry 
seeds are approximately equal to goo—1000 atmospheres. 

The vapor pressure method, using sulphuric acid, involves 
another assumption whose validity may be a little more question- 
able. It is generally admitted that the osmotic pressure of a solu- 
tion can be calculated with some degree of accuracy from its vapor 
pressure. I have assumed in addition that the vapor pressure of 
the seed hydrogels measured against the vapor pressure of strong 
solutions can be used as a measure of the internal forces of the seed. 
The assumption seems reasonable enough, but it would be difficult 
to offer definite proof of its validity at present. 

The principal difficulty with the vapor pressure method is the 
uncertainty as to the osmotic pressure of sulphuric acid. It may 
seem quite unwarranted to some even to think of estimating the 
osmotic pressure of strong sulphuric acid by means of a formula. 
knowing as little as we do of all the factors which enter into the 
problem in this case, and knowing that these formulae have all 
been developed for the dilute “ideal” solutions. I realize fully 
the danger of basing any conclusions upon results obtained by such 
precarious methods, and offer the results merely for their suggestive 
value. The formula I have used for calculating the osmotic pres- 
sure from the vapor pressure is that given by WALKER (35), with S§ 
representing the density of the solution rather than that of the 
solvent. This is necessary in order to make the formula fit a 
concentrated solution with high density. This same formula has 
been used by others for the same purpose, as by DRABBLE and 
DRABBLE (12). 


Attention is called to a difference in the formulae given by 


: . ' — : oot 
NERNST (24) and WALKER. In WALKER’s discussion,~ ~~ repre- 
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sents relative lowering of the vapor pressure of the solution as com- 
pared with that of water. His formula actually gives the relative 
, : Pp 7 é 
lowering. NERNST, however, uses rs for this factor in the 
equation, and with concentrated solutions it is quite a different 
thing. In a concentrated solution, where the relative lowering of 
the vapor pressure is 0.75, NERNST’s formula will give a value for 
the osmotic pressure 4 times as great as that given by WALKER’S 
formula. 

In the third English edition of NERNst he gives an equation 
for this calculation which he claims gives a very exact value for 
the osmotic pressure from vapor pressure. His equation is as 
follows: 

0.0821.7. 1000 § p 
ln 
M p' 


The physical chemists claim that this formula should hold in so 


p= 


far as it includes the factors involved. But even this exact 
formula does not take care of the change in volume occurring on 
dilution of the acid, nor for the heat of dilution, which is very 
considerable in the strong acid solutions over which equilibrium 
of moisture vapor was obtained in these experiments. 

I have chosen to use WALKER’s formula because it actually 
gives the relative lowering of the vapor pressure, as it is supposed 
to do. However, it is perfectly clear from this discussion that the 
osmotic pressure of sulphuric acid of any given concentration, 
especially of high concentration, cannot be measured accurately 
by any single vapor pressure formula suggested to date. 

The measurements made over sulphuric acid give values, there- 
fore, which are merely suggestive. They indicate that the internal 
forces of air-dry seeds of all kinds are very high, and contirm the 
high values obtained by the osmotic solution method. But the lat- 
ter method only, I believe, can be relied upon for the measuring 
of the internal forces of seeds until the vapor pressure relations are 
more perfectly understood. 

The main conclusion in regard to these seed measurements may 


1 


be stated briefly thus: It is possible, with seeds having a perfectly 


semipermeable coat, to measure the water-attracting internal forces 
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residing in the seed substance at any moisture content between 
saturation and air-dry. The actual values for this range in Xan- 
thium seeds are given in the last column of table III. 

The results obtained by measuring the soils with measured seeds 
are of the greatest interest. While it is important to have means 
of determining in terms of atmospheric pressure the water-retaining 
power of soils at any degree of dryness between saturation and air- 
dry, it is still more important to understand the moisture relations 
of the plant to the soil at and just below the wilting coefficient. 
Does wilting occur because capillary soil forces and osmotic root 
forces reach equilibrium? If so, why should Briccs and SHANTz 
(8) have found a uniform wilting coefficient for all kinds of plants 
when we know that root cells vary somewhat in osmotic concen- 
tration from species to species? And why should this uniformity 
fail in the presence of intense evaporation, as shown by CALDWELL 
(9), and by SHIveE and LIvINGsTon (32)? These questions, and 
the discrepancies between the excellent work done at Washington 
and at Tucson can probably be answered intelligently, and explained 
in the light of these experiments. 

The moisture equivalent of a soil is the percentage of water left 
in the soil after centrifuging for a certain time under a force of 1000 
gravities, a force about equal to one atmosphere. We have been 
accustomed to find the wilting coefficient empirically, or to divide 
the moisture equivalent by 1.84. But we have not known how 
much greater are the soil forces at the wilting coefficient than at 
the moisture equivalent. From the results obtained, the pressure 
value of the wilting coefficient seems to be about 4 atmospheres. 

As the soil becomes drier and drier, the forces become greater 
and greater, until on the approach of air-dry conditions a very 
small change in moisture content makes a very large change in the 
forces involved. The increase of the force with decreasing soil 
moisture is shown graphically in fig. 5, which shows the curve of 
increasing force for the Oswego silt loam subsoil, and for no. 2/0 
sand. The difference in the curves for clay and sand is striking. 
In the clay, where the surface films are relatively thick, the force 
decreases very slowly for a considerable distance. But as the films 
become very thin, the surface force and forces of adhesion of water 
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to particles become very great. This force would reach its maxi- 
mum presumably when the particles were surrounded by a film of 
water just one molecule thick. The curve for the sand is very simi- 
lar, except that the period of slow increase of the soil forces is very 
short, and that the whole curve lies much nearer 





to the absolutely dry condition. These rela- i008 

tions, of course, are conditioned mainly by the 

size of the particles. _ | 400 
Let us see now how the soil forces at the 

wilting coefficient compare in value with the L g00 

average osmotic pressure of the root hairs. A 

few years ago HILL (18) showed that the root 

hairs of Salicornia can in a measure accommo- f 700 

date themselves to changes in the osmotic con- 

centration of the surroundings, through increase ; 600 

or decrease of the cell sap concentration parallel 

to the changes in the environment. That the + 500 

cell sap of leaves and other exposed parts in- 

creases in concentration with xerophytic habitat 400 

has been shown by DRABBLE and LAKE (13), 





FITTING (14), and others. The general conclu- r 300 
sion reached by DRABBLE and DRABBLE (12), 














that the osmotic strength of cell sap varies b 200 
with the physiological scarcity of water in any 

area, seems most reasonable, and it doubtless + 100 
“ > - 0 
807, 60 40 20 0 


l'1G. 5.—Curves showing increase in the surface forces of soils as drying proceeds; 
to the left, for subsoil of the Oswego silt loam; to the right, for no. 2/o sand. 


holds true of root cells under xerophytic soil conditions. As 
the soil becomes deficient in water supply, and the surface forces 
are rapidly increasing in magnitude, we might then expect this 
increased force of the soil to be paralleled by increase in the osmotic 


forces of the root hairs, owing to progressive concentration of the 


cell sap. Such increase might amount to many atmospheres. 
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The most careful, extensive, and valuable study of the osmotic 
pressure of the sap of root cells under ordinary conditions of soil 
moisture which has been made up to the present is that by HANNIG 
(15). He finds that the average root cell sap pressure for 64 species 
of plants is o. 21M. KNO,, or equivalent to 7 or 8 atmospheres. It 
is seen, therefore, that the water-holding power of the soil at the 
wilting coefficient is only about half that of the average osmotic 
pressure of the sap of the root cells. Certainly wilting at the wilt- 
ing coefficient cannot be due to lack of water, for seeds come within 
a few per cent of taking up as much moisture at the wilting co- 
efficient as when placed in water itself. Nor can it be due to 
equalization of forces between root hair and soil water, for there 
is still a gradient of 4 atmospheres of force in favor of the plant. 
Moisture and gradient for movement of water toward the plant 
are both present, and yet the plant wilts! 

Even in cases where the soils are drier than the wilting coefficient, 
the accommodation of the root hairs mentioned above would prob- 
ably maintain this gradient of a few atmospheres in favor of mois- 
ture intake. This idea is strongly supported by unpublished work 
of Miss Epira A. Kosperts, who, working in this laboratory, has 
shown that seedlings of mustard and radish grown in sugar solu- 
tions develop root hairs with osmotic pressures usually about 4 
atmospheres in excess of the medium in which they grow, the same 
amount of excess as this gradient at the wilting coefficient. This 
relationship of internal to external forces was maintained, in her 
work, up to volume molecular solutions of cane sugar. It is exceed- 
ingly probable, therefore, that as soils dry out beyond the wilting 
coefficient the root hairs maintain an osmotic pressure a_ few 
atmospheres in excess of the soil forces until those forces become 
relatively very high. Nevertheless, permanent wilting occurs 
within a narrow range of soil moisture under moderate conditions 
of evaporation. 

There seems to be but one reasonable explanation for this situ- 
ation. The wilting.of plants at the wilting coefficient of the soil must 
be due to the failure of water movement from soil particle to soil 
particle, and from these to the root hairs, rather than from lack 


of moisture or gradient. This does not mean complete cessation 
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of movement of film water toward the plant. It is a question of 
rates. Evaporation continues from the leaves in accordance with 
atmospheric conditions somewhat regardless of conditions below 
the soil surface. At the wilting coefficient the film water becomes 
so stable, and the friction of movement becomes so great, that the 
rate of movement of water toward the root is quite inadequate to 
meet the needs of the plant, and permanent wilting ensues. 

[It becomes clear at once why Briccs and SHANTz, working 
under rather uniform conditions of evaporation, found the same 
wilting coefficient for all kinds of plants in a given soil, regardless 
of variability of root sap concentration and other variable factors, 
for these variables do not affect the point at which capillary move- 
ment of water over the soil particles ceases to be effective for the 
plant. This is determined by the physical properties of the soil, 
the fineness of the particles being the chief factor. We should 
expect, therefore, this uniform behavior under moderate conditions. 
On the other hand, when the evaporation rate is very intense, the 
plant might be caused to wilt permanently before this wilting 
coefficient is reached, owing to the fact that after all it is a question 
of rates. The rate of movement in the soil fails to be adequate 
sooner. 

In concluding this discussion, may I suggest that the methods 
used and the conclusions reached in this work should receive very 
critical consideration by plant physiologists, soil physicists, and all 
others interested in these problems. We have lacked even the 
most elementary facts concerning these important moisture rela- 
tions of the soil. This is a first attempt to throw light upon an 
unexplored region of soil physics. It is hoped that other methods 
may be devised for testing the correctness of the conclusions 
reached by the methods presented here. The apparatus is quite 
simple and easily used. If the results obtained can be fairly 
substantiated by other methods, the method will be exceedingly 
valuable in physiological and ecological investigations of many 
kinds. 

VI. Summary 


1. The force with which the seeds of Yanthium pennsylvanicum 


absorb water has been measured by two methods: (a) osmotic 
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solutions, and (b) vapor pressure equilibrium. ‘The osmotic method 
is at present the more reliable. 

2. The air-dry seeds of Xanthium show an initial attraction for 
water of nearly 1000 atmospheres. 

3. The attraction which exists at any moisture content of the 
seed between air-dry and saturation can be approximated. Table 
IIT gives the data. 

4. The seeds have in turn been used to measure the complex 
moisture-holding forces of soils, with the following results: 

a) The air-dry subsoil of the Oswego silt loam holds its hygro- 
scopic moisture with about the same force as an air-dry seed, that 
is, about 1000 atmospheres. 

b) As the moisture content of the soil increases, the surface 
force decreases rapidly. When about 3.5 per cent of water has 
been added to the air-dry soil, the force remaining is about 375 
atmospheres. When the soil moisture reaches 6 per cent above 
air-dry in this soil, the moisture is held with a force of 130 or more 
atmospheres. At 11 per cent above air-dry the holding power has 
fallen to 22.4 atmospheres. 

c) At the wilting coefficient of the soil (13.3 per cent above 
air-dry in the Oswego silt loam subsoil) the ‘back pull” of the soil 
particles amounts to not more than that of ao.1M. NaCl solution, 
that is, not more than about 4 atmospheres. This is shown to hold 
true for a number of types of soil with widely varying wilting 
coefficients. 

5. This water-holding power of soils at the wilting coefficient 
is less than the osmotic pressure of the root hairs of many kinds of 
plants, as shown by HANNIG and others. 

6. The wilting of plants at the wilting coefficient of the soil 
cannot be due to lack of moisture in the soil, nor to lack of a gradient 
of forces tending to move water toward the plant. 

7. The view is held, therefore, that the wilting at this critical 
soil moisture content must be due to the increasing slowness of 
water movement from soil particle to soil particle, and from these 
to the root hairs, the rate of movement falling below that necessary 
to maintain turgidity of the cells of the aerial parts, even under 
conditions of low transpiration. 
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A REPORT ON SOME ALLOCTHONOUS PEAT 
DEPOSITS OF FLORIDA’ 
PART I: TOPOGRAPHICAL 


Cart C. FORSAITH 


(WITH DIAGRAM) 


As an introduction to the following report? on the allocthonous 
peat deposits of Florida, it seems advisable to discuss, very briefly, 
the geological and climatic conditions which obtain in this region, 
in so far as they bear a significant relation to the deposition of peat. 

The entire state lies wholly within the Atlantic coastal plain, 
which extends, as an area of varying width, from Long Island to 
Texas, and represents a region of more or less recent origin, gen- 
erally flat or rolling in character, with little or no evidence of 
folding or faulting. A stratum of Vicksburg or later limestone 
forms a continuous deposit which is now covered with Pliocene 
clay or Pleistocene sand, the latter being predominant at the 
surface (4). The gently rolling country forms numerous depres- 
sions which are below the level of the water table, and consequently 
contain a permanent water supply in the form of lakes. In the 
case of depressions above this water table, or not sufficiently far 
below it to form lakes by the above-mentioned plan, the lime- 
stone may be locally dissolved so as to form an outlet for the 
continuous underground water system, and in the manner of a 
natural artesian well a body of water is maintained to which 
there is no apparent external inlet. This condition is illustrated 
by the well known Silver Springs near Ocala. There are many 
other instances, also, where the limestone strata may have been 
locally dissolved by the action of surface or underground water 
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to such an extent that it is not able to support the superincumbent 
sand or clay, which, falling, leaves a bowl-shaped valley. Depres- 
sions thus formed may contain more or less permanent ponds, 
known as ‘lime sinks,” which are often important as sources of 
peat. Examples of this type of lake production will be mentioned 
in the later discussion. 

Reference to any good map of the United States will show that 
there are more lakes in Florida than in the remainder of the coastal 
plain, the larger number of which, curiously enough, occur in the 
higher or central regions of the state. These lakes vary in many 
respects, but may conveniently be divided into 5 classes, as follows: 
large deep and large shallow lakes of irregular outline; small 
deep and small shallow lakes of more or less circular outline, and 
filled lakes which may present an outline characteristic of either 
of the two previously mentioned types. There is a great variation 
in size, from Okechobee, which is the largest lake wholly in the 
United States except Lake Michigan, and Lake Apopka, with its 
62 miles of coast line, to those which are only a few rods in diameter. 

The semitropical climate of Florida is very favorable for the 
growth of peat-forming plants. There is an average temperature 
of 72° C., with a more or less uniform variation from January with 
a mean of 58° C. to that of 83° C.in July. The average rainfall is 
about 49.6 inches per annum, the greater part of which is pre- 
cipitated during the warmer months. This condition compensates 
for the loss by evaporation during the summer season, and pre- 
serves a more constant level for the lakes than would be possible 
if the greater precipitation occurred within the cooler season of 
the vear. The texture of the soil, also, is very favorable for the 
formation and stability of lakes, since the porous coastal plain 
sand at once absorbs the greater portion of the rainfall, which 
gradually seeks the lower levels to reappear as permanent bodies 
of water. 

The object of the present investigations is to determine the 
relative amounts of allocthonous peat (that type of peat which 
has been deposited by a gradual accumulation of floated, drifted, 
and wind-blown vegetable material in permanent and more or less 


quiet bodies of open water), and of autochthonous peat (that type 
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of peat which represents the amassing of successive generations of 
plants in the presence of a more or less constant, but stagnant and 
concealed, water supply, permitting the growth of peat-forming 
plants in situ). The methods for determining the relative dis- 
tribution of these two forms of peat are those which were devised 
by Davis (1). Samples were taken with a sounding instrument, 
the Eberbach probe, invented by Davis, at one foot intervals, in 
sufficiently numerous localities in the deposits to show the average 
conditions. The samples were forced into cloth sacks, after a 
superficial study of the gross characters, and stored for subsequent 
investigation in water rendered antiseptic with carbolic acid or 
formalin. A study of the gross characters of the material is gen- 
erally sufficient to determine the method of deposition, and refer- 
ence to the microscopic results will be made only where such seems 
necessary for greater accuracy. These investigations have led to 
the same conclusions that DAvis (2) reached in regard to alloc- 
thonous peat deposits in general in the United States, which he 
has stated as follows: ‘At the present time peat deposits of this 
type (lacustrine) are numerically more important than any other 
in regions where peat formation is most common.”’ 

In addition to the different types of lakes just described, there 
are other areas where peat may be found, namely, swamps, river 
estuaries, etc. Examples of these localities will be mentioned later. 

Since the types of peat deposition fall so conveniently into two 
classes, they will be discussed separately, with special reference to 
the gross characters of the samples. Autochthonous peat (7m situ) 
may be very varied, both in respect to composition and gross 
appearance, depending upon the species of plants which enter 
into its formation and the amount of oxidation that has taken 
place. For example, in those deposits which have been formed 
by the growth of Cladium, Sagittaria, Cyperaceae, etc., or, to be 
more general, where the peat is entirely herbaceous in texture, the 
samples appear as fibrous, light brown, spongy material in which 
the individual parts of the plants can be distinctly seen and sepa- 
rated. On the other hand, where the quality of the peat is of a 
woody nature, tests show a deep brown granular substance, in 
which there is much fine amorphous material intermixed with the 
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more or less decayed woody substance. This granular property 
may be taken as evidence of the accumulation of Taxodium, Ilex, 
Magnolia, etc., which plants occur only in those areas which have 
become somewhat drained, thus permitting decay to act more 
readily than in the case of the more herbaceous forms. This 
condition naturally results in a greater reduction, and consequently 
a more amorphous content. It seems necessary to add that in the 
apparent 7n sifu herbaceous peat there is much evidence of drifted 
material revealed by the microscope, which naturally places the 
major part of the saw grass (Cladium) and other marshes under 
the head of allocthonous rather than of autochthonous formations, 
with the exception of the upper two or three feet of the strata. In 
speaking of in situ herbaceous peat in the later paragraphs, there- 
fore, reference is made only to the uppermost layers, and not to 
the deposit in general. 

Apparently these two characteristics of herbaceous and woody 
autochthonous peat formations are owing to the natural sequence 
of their occurrence, for it is a recognized fact that when the water 
level becomes sufficiently low to permit the growth of the higher 
plants, those of a herbaceous variety are the first to appear, which 
naturally accounts for the presence of the grassy peats below the 
more woody species where both are present in the same region. 
These two characters also show another distinct difference in 
respect to the amount of decay that has taken place, resulting 
entirely from the presence or absence of a permanent water supply. 
In the herbaceous peats there occurs little evidence of decay 
because of the presence of a constant water covering, as well as 
natural plant acids which prohibit the oxidation of the air and 
the destructive action of fungi, thus preserving its spongy, fibrous 
nature. When, however, the continual accumulation of these 
plants has raised the mass to such a height that it is above water 
for a part of the year at least, the monocotyledonous plants give 
place to more woody dicotyledonous species, which build up a 
stratum of a granular quality. This granular property is due to 
the decayed state of the amassed vegetation, brought about by 
the action of the air and the enzymes of bacteria, which are per- 


mitted to work on account of a lack of permanent protection by 
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water. The less resistant plant organs are consequently reduced 
to a structureless mass, together with a partial decay of the more 
resistant elements, thus presenting samples of a rusty brown 
plastic property, in which, however, portions of decayed wood, 
cuticular parts, and stigmarioid roots can still be seen. . 

Although these two types of woody and herbaceous peat appear 
to be distinct, they have been classed under the same head, owing to 
a similarity in origin, and the apparent difference is due only to the 
nature of the included plants and the amount of comminution 
that has taken place. 

In contrast to this formation there is the lake or allocthonous 
peat, which occurs as a layer of finely divided plant material as 
well as entirely microscopic organisms on the floors of permanent 
and deep bodies of fresh water. This type owes its existence to 
the action of winds, currents, and sedimentation. Although the 
deep lake formed deposits bear a strong superficial resemblance 
to the much decayed woody peat, with the exception of a habitual 
absence of a granular content, they are in fact very dissimilar, 
since the deep brown, plastic character of uniformly fine texture 
does not represent the product of comminution of grosser parts 
of plants, resulting from oxidation and destruction by fungi, but 
rather the accumulation of originally minute organic material 
which has not suffered decay, owing to a permanent saturation. 

Like im situ peat, lake formations may vary much in color. 
Those samples which are mostly organic in composition present a 
deep brown, uniformly fine appearance. Those, on the contrary, 
in which there is a large inorganic content may be red, pink, or 
gray. These latter colors are due to a more or less abundant silt, 
shells of infusoria, etc., which produce an admixture with the 
sedimentary, drift, and wind-blown material, imparting to it, where 
predominant, their characteristic hue. 

As the writer has previously stated, the aim of this paper is to 
supply a brief account of the regions which were visited and a 
short description of the samples of peat collected in so far as they 
bear a significant relation to the methods of peat deposition in a 


semitropical climate. Reference to later microscopic investigations 


of the material will be made only where such seems necessary in 
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order to form an adequate opinion as to the plan of accumulation 
in a special deposit. The general analysis of Florida peat, together 
with samples from Canada, New Hampshire, and Massachusetts, 
will be reserved for a later paper on the relation of the present 
lacustrine deposits to the formation of coal. The regions chosen 
for investigation were those which presented typical conditions in 
respect to topography and the flora now found upon the shores; 
an estimate of the extent of the several deposits is likewise included 
where such is possible. 

The first deposit examined was at Lake Newnan, Alachua 
County, which represents a large deep lake with an area of about 
16 sq.m. This entire body of water is surrounded by a sand plain 
bearing a scattered upland flora, which extends to the very shore, 
except at the southern end, where there is more or less of a marshy 
border. Taxodium, Nyssa, Magnolia, etc., grow abundantly on the 
banks, and there is a fringe of species of the Nymphaeaceae, 
Sagittaria, Piaropus (Pontederia) crassipes, and other deep water 
plants which extend several feet into the lake. 

The lacustrine peat deposit was tested in 18 localities (diagram, 
1-18), and samples were taken at one foot intervals which show 
the following characters: Those from the bottom are nearly black 
or deep brown in spite of a large admixture of sand, but there 
appears no coarse organic material except close to the shores, 
where the Piaropus crassipes has become a part of the mass. 
Above this foot of more or less gritty material there occurs a 
rusty brown, uniformly fine substance, becoming less compact 
and lighter in color near the top, and, as usual in such deposits, 
there is a characteristic absence of coarse material, except near 
the shores, where there is an addition of drifted portions of aquatic 
plants. 

Some idea of the extent of this organic stratum can be obtained 
from a study of the cross-section (diagram), which was drawn to 
scale from the results of soundings in the center of the lake and 
other localities of varying distances from the shore (diagram, 1-18), 
the results of which can be learned from an application of the 
accompanying scales. Assuming that these tests are representative 


for the entire deposit, it is evident that there is a continuous layer 
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of aquatic peat of varying depth extending over the entire floor 
of the lake, with the exception of the first few yards offshore. 

Between Gainesville and Lake Newnan there is a hardwood and 
cypress swamp, representing the typical condition of fallen tangled 
logs, intermingled with finer plant débris. Upon investigation there 
appears only a few inches of peatlike material, which may be better 
characterized as humus, owing to the almost complete decay of 
the included vegetation. This type of swamp deposit proves to 
be very typical, and when compared with more aquatic formations 
is not of special importance from the numerical and quantitative 
standpoint. 

The next investigations were made on a filled lake 2 miles 
west of McIntosh, in Marion County (diagram, 19). This repre- 
sents a small shallow lake which has become entirely filled with 
herbaceous peat, composed of Cyperaceae, Solidago, Eu patorium, 
Gramineae, etc. The to samples at one foot intervals show a 
light brown fibrous material in which the individual plants can be 
seen distinctly. Upon a later microscopic examination it became 
evident that the lower two-thirds of the deposit is of allocthonous 
origin, a condition indicated by the presence of sponge spicules, as 
well as other evidences of drifted and sedimentary material which 
must have been laid down in a more or less permanent open pond. 
The upper stratum, however, has become reduced to a deep brown 
amorphous mass through the action of the air and fungi, following 
artificial drainage 25 years ago. 

Orange Lake, as can be seen from the accompanying diagram, 
is bordered by a broad marsh on the western side. According to 
the reports of the inhabitants, the area of this marsh was used for 
cultivation 30 years ago, at which time it was inundated, and is 
now constantly covered with water. Species of the Nymphaeaceae, 
Cladium, Sagittaria, etc., grow there in profusion. A sample taken 
about a mile from shore (diagram, 20) presents a coarse brown 
fibrous character with the usual evidences of allocthonous material. 
Since this layer, 6 inches in depth, has been formed during the 
past 30 years, it may present some evidence as to the rapidity 
of the accumulation of fibrous peat, which would be at the rate 


of an inch in 5 years. Obviously, however, more data would be 
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necessary to form a definite opinion concerning the building up 
of such deposits. 

In the center of the lake (diagram, 22) a series of samples 
indicates a deposit 3 feet in depth, and tests in other parts show 


this to be a more or less uniform measure. In character the samples 


4 





\ diagram to indicate the lakes mentioned in the discussion, each lake represent 





by a diagram enlarged from the map included in Matson and SANFORD’s report 

drawn to scale as accurately as the means at hand would allow; the sm: higures 
in the diagram re present the locality of each series of samples named in this paper, 
the relative position of which can be learned by an application of the scal 
the cross-section of Lake Newnan shows the average depth of the allocthonous pe 


deposit in relation to the breadth and deepness of the lake. 


are very similar to those found in Lake Newnan. At the bottom 
there is a mixture of sand with the rusty brown fine material, with 
the usual absence of coarse fibrous matter, which generally occurs 


only near the shores. The upper portion differs from this only in a 
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lighter coloration and less firm texture, and naturally enough 
without an admixture of sand. 

On the shores at McIntosh there occurs a deposit, such as is 
often found on the shores of lakes, very much resembling lacustrine 
peat, as it presents a fine black structure, but it should not be 
confused with lake formations proper, for the reason that this 
condition is owing to the result of the action of the air and fungi 
on coarse fibrous material during periods of drought. 

Lake Weir, Marion County, may be classified as a large deep 
lake, bordered by hills with their upland flora, which enter into the 
composition of peat in the form of wind-blown material only, that 
is, pine and angiospermous pollen, strips of epidermis, and deciduous 
fragments. The shores are of a sandy nature without the border 
of Castalia, etc., which is very characteristic of the previously 
mentioned lakes. Owing to the deepness of the water (30 feet in 
the central portion), it was difficult to determine the depth of the 
deposit with accuracy with the apparatus at hand. With what 
tests it was possible to make (diagram, 25-28), however, it became 
evident that there is no lacustrine material of an organic nature 
nearer than one-fourth mile from shore, but beyond this limit 
there appears a gradually increasing layer which is at least 5 feet 
in depth in the center of the lake. 

A series of samples from this region differ very much from those 
previously observed, as those from the upper portion show a deep 
gray coloration which gives place to a pink below. There is no 
admixture of sand in any of the samples; all are fine, firm, and of 
a uniform texture. This gray and pink hue is apparently owing 
to the presence of an inorganic silt, shells, and crustacea, sufficient 
in amount to obscure the characteristic color of the normal alloc- 
thonous peat. In order to be more certain that this material is 
not entirely inorganic in nature, a microscopic test was made 
which showed, in addition to a large amount of silt and shell forma- 
tions, sponge spicules, diatoms, plant fragments, pollen, and spores. 

Since there was a possibility that a marsh, apparently a former 
arm of the lake, just north of the town of East Lake (diagram, 29), 
might show evidences of a transition of lacustrine to i situ peat, 
probings were made, which showed the deposit to be of a uniformly 
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fibrous nature. The samples reveal the fact that the stratum is 
generally herbaceous and has been formed by the gradual accumu- 
lation of the plants which now grow upon the surface, among which 
Cyperaceae, Solidago, Eupatorium, etc., are the most abundant. 
The lower portion, however, showed evidences of an allocthonous 
origin on later microscopic examination. 

Silver Lake, a small circular lake one mile east of the previously 
mentioned town, presents external characters very similar to those 
already described for Lake Weir. Many tests proved that the 
floor is of a uniformly sandy nature, with a general absence of 
allocthonous formation except a very shallow and gritty layer in a 
sheltered cove on the eastern side (diagram, 30). 

Lake Harris, in Lake County, was visited next. This represents 
a large deep lake of irregular outline, bordered in many places by a 
broad saw grass (Cladium) marsh, as indicated by the shaded por- 
tion of the accompanying diagram. In many places there is a dense 
cypress swamp between this marsh and the rolling upland country, 
which gives place to hard woods where the shores are too steep to 
allow the growth of Cladium and other marsh-forming plants. 
Where the water is too deep to permit the growth of these species 
there occurs a fringe of Castalia, Nymphaea, etc., generally in more 
or less of a floating condition. 

One-eighth of a mile from shore (diagram, 31) a series of tests 
showed some very interesting characters. The bottom layer of the 
deposit presents samples of a pinkish color, owing to the presence 
of silt, infusoria, univalvate shells, etc. The substance is of a 
firm, plastic nature, with the usual absence of coarse material, as 
was revealed by a microscopic test by means of which much tine 
plant material was observed. In addition to this fine material 
there appears a variety of univalvate shells, which are apparently 
quite characteristic of this region, since they were also found in 
material from Lake Eustis. There has been no opportunity to 
have the species of these shells determined, but there is a possibility 
that they are very similar to those which HARPER (3) mentions as 
identified by BryANT WALKER, of Detroit, Michigan. In this 


report there are 25 species named, among which the genera A muni- 


cola and Planorbis supply the most species. These shells have a 
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tendency to disappear in the layer above the pink formation, and 
although this stratum is very similar to the one just described, 
there occurs a change from the salmon to a decidedly reddish hue, 
which in turn gives place to the rusty brown plastic peat already 
described. A striking uniformity in the several layers appears out 
to about three-fourths of a mile from shore, where there occurs a 
gray formation below the pink, an exactly opposite sequence from 
that found in Lake Weir. The several probings (diagram, 31, 32, 
33, 39, and 40) showed that this laminated deposit varies in depth 
from a few inches at the border of the marsh to 9 feet a mile off 
shore, and when, too, the large area of this lake is taken into con- 
sideration, it is evident that, providing conditions similar to those 
found in Lake Newnan obtain (diagram, cross-section, and descrip- 
tion above), there must be an enormous amount of allocthonous 
peat in Lake Harris. 

Lake Griffin, just north of Leesburg, shows external conditions 
very similar to those already described for Lake Harris. Between 
the broad saw grass marsh and the upland pine plains there appears 
a dense cypress swamp which occasionally gives place to a dense 
growth of hardwood trees, among which Magnolia glauca and 
Nyssa biflora are the most abundant. There also appears the 
usual fringe of floating Castalia. Tests were made about a mile 
from shore (diagram, 41) near a small island, where the floor proved 
to be of a sandy nature, a condition very habitual for shallow water 
lakes, owing to a more or less constant agitation by waves. 
Soundings near the shore of the mainland show a shallow deposit 
of allocthonous peat, which gradually grows deeper toward the 
border of the marsh. A series of samples taken just outside the 
range of the deep water plants presents the following characters 
(diagram, 42 and 46). The deposit, unlike that found in Lake 
Weir and Lake Harris, is of a uniform deep brown quality, except 
for a stratum 2 feet from the bottom, in which the material is deep 
red, very loose in texture, and showing a tendency to break into a 
crumbling mass, in contrast to the more plastic claylike structure so 
commonly found in such deposits. The portion of the allocthonous 


layer above this red formation presents the usual deep brown plastic 
samples normally present in the upper strata of lacustrine peat. 
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Since the saw grass marshes were so abundant in this region, a 
description of the one bordering Lake Harris (diagram, 34, 37, and 
38) may be of interest. The entire surface is now covered by an 





almost impenetrable growth ot Cladium effusum (saw grass), Sagit- 
larta lancifolia, Spartina Bakeri, as well as other marsh plants, 
which has gradually built up a deposit of light brown fibrous 
peat, which at the present time has attained a depth of about to 
feet. The samples show a striking uniformity in the lower 8 feet 
of the stratum, and the presence of sponge spicules, pollen, spo- 
rangia, diatoms, etc., show it conclusively to be of allocthonous 
origin. Owing to permanent saturation as well as natural acidity, 
the lower portion has not suffered decay, as can be seen by the 
spongy fibrous character of the peat; but, on the other hand, the 
upper 2 feet show the result of decomposition, for the reason that 
there has been a sufficient accumulation of plant material to raise 
this part above the low water mark, permitting decay to take place. 
Natural drainage has favored oxidation and comminution to such 
an extent that the original fibrous mass has been reduced to a deep 
brown, finely grained substance in which only the more resistant 
parts of the plants appear, imbedded in an amorphous matrix of 
the less resistant, and consequently more decayed, portions of the 
included vegetation. 

Localities 36, 43, 44, and 45 (diagram, north of Lake Harris) 
represent a series of samples from a filled lake. Apparently, as a 
study of the material and the natural topography of the region 
will show, this was at one time either a separate lake or an arm of 
Lake Harris, which has since been filled by a gradual accumulation 
of plant material representative of both allocthonous and autoc- 
thonous forms of peat deposition. The surface, where it has not 
been disturbed, is now covered by a dense growth of Magnolia 
glauca, Nyssa biflora, Pinus Elliottii, ete., and in those portions 
where the growth has been artificially cleared species of Cyperaceae, 
Gramineae, Compositae, and Eupatorium capillifolium grow in 
profusion. The upper foot of this bed is in the form of a firm, 
black, consistent mass, owing to an almost complete decay of the 
included plants, as a result of artificial drainage. This upper 


layer might be considered as the initial stage in the formation of 
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humus. Below this almost completely broken down stratum there 
is present a uniformly fine deposit of a decidedly woody nature, 
which appears as a deep brown granular accumulation of softened 
coniferous débris, nearly or entirely reduced to a structureless 
condition. Below this woody deposit there is quite an abrupt 
transition to a light brown herbaceous peat of the saw grass variety, 
similar to that described for the marshes on the shores of Lake 
Harris (diagram, 34, 37, and 38). This coarse undecayed deposit 
is underlaid by a fine, deep brown lacustrine formation and the 
absence of any coarse material, together with the unaltered con- 
dition of the samples (determined by later microscopic investiga- 
tions), would indicate that this stratum had been amassed in the 
bottom of a permanent and deep body of open water by an accumu- 
lation of drifted and wind-blown plant material. At the bottom 
there appears a deposit of bluish gray clay. 

From a study of the samples it is apparent that at the time 
when the lower 6 feet of fine allocthonous peat had been formed 
the amassed vegetation, as drifted and wind-blown material, had 





reached a sufficient height to permit the growth of herbaceous 
water-loving plants (a condition parallel to that represented by 
the constantly extending marshes on the shores of the adjoining 
and still existing lakes). When these plants had formed 2 feet of 
fibrous material, corresponding to the saw grass stage, another 
change took place, and this type gave way to a more woody growth. 
This last transition was owing to the fact that the allocthonous 
variety had so accumulated that the very upper portion of the 
deposit was above water for a part of the year, thus bringing about 
a condition favorable to the growth of trees. These gradually 
drove out the more herbaceous species, and, by the amassing of 
successive generations of woody plants, slowly built up a layer of 
autochthonous origin. 

The next lake visited was Lake Dot, a small deep lake one-half 
mile east of Eustis, Lake County (diagram, 47-49). This body of 
water is situated in a circular depression in the form of a large 
bowl 70-80 feet deep and 200 yards broad, which naturally leads 
to the conclusion that it is of “lime sink”’ origin, formed by the 


gradual solution of the underground limestone. Although the 
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lake is small in diameter, the water level is permanent and deep, 
thus affording excellent opportunity for the accumulation of alloc- 
thonous peat. The first series of samples were taken at a point 
about too yards from shore, where the deposit proved to be 10 
feet in depth and situated under 8 feet of water. The bottom sam- 
ples present a deep brown plastic appearance, in which there is 
no coarse material with the exception of a slight admixture of sand, 
which disappears a few inches from the floor. There occurs an 
exception to this uniformly fine plastic condition 2 feet from the 
base in the form of a light brown herbaceous peat 2 feet in depth. 
Apparently, when the character of the formation of the lake is 
considered, this sudden variation in the composition of the peat 
was caused by the opening of an underground outlet, which allowed 
the water to escape and rendered the lake sufficiently shallow to 
permit the growth of aquatic marsh plants. This is quite a common 
occurrence in this region, of which condition the Alachua sink 
(locally known as Paynes Prairie) near Gainesville furnishes a good 
example. To quote directly (4, p. 27): 

The Alachua sink is important because it illustrates some of the changes 
which sink holes undergo. In the early days of the state this sink, which 
receives the drainage of a large stream crossing Paynes Prairie, appears to 
have been in about the same condition as it is today; later, owing to the closing 
of the outlet, perhaps by logs and other rubbish, a large lake was formed. 
About 1891 the sink reopened and the basin was drained, effectively ending 
the steamboat traffic there had developed on the lake. 

To return to the discussion of Lake Dot, it is apparent that 
after 2 feet of this herbaceous peat had been formed the outlet 
was closed (possibly through the amassing of the vegetable material 
to such an extent that the exit was filled, and the seepage and rain- 
water were prevented from escaping), and the level of the water 
was raised to its present position. This second transition killed 
out the herbaceous species, which are not able to exist in more 
than 10-12 feet of water (1). This condition is also emphasized 
by a return of the fine deep brown lake peat above this more 
fibrous stratum. 

Lake Eustis, a large deep lake just west of the town of the same 
name, furnishes some interesting features. The shores are gen- 


erally sandy with the exception of an occasional cypress swamp, 
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but the broad saw grass marshes so commonly encountered around 
the lakes near Leesburg were generally absent. The northern 
portion was first examined, but no material was found, because 
the shallow nature of the lake in this region had prevented the 
accumulation of allocthonous deposits. A series of samples (dia- 
gram, 50, 51, 52, 57, 58, and 59) show the general character of the 
material near the shore. The basal stratum presents black, fine 
specimens of a decidedly sandy and diatomaceous nature, so com- 
monly encountered in the lower layers of lacustrine formations. 
This black gritty mass soon gives place to a deep gray lamina of 
similar texture. The only coarse débris found in this lake was an 
abundance of univalvate shells of the same species as those men- 
tioned in the discussion of the samples from Lake Harris. In 
this bed of peat there appears no transition from gray to pink, as 
is the case in the adjacent lakes, but the gray stratum is overlaid 
by a deep brown, fine, plastic deposit without the intervention of 
other formations. 

One and one-half miles east of Eustis there is a bog which may 
be classified as a small filled lake (diagram, 55 and 56). In gross 
characters this bog furnishes strata similar to those already de- 
scribed for localities 34, 37, and 38, and consequently may be 
considered as representative of like methods of accumulation and 
as having passed through parallel cycles of sedimentation. The 
deposit is now covered by a dense growth of species of Pinus, 
Cyperaceae, Gramineae, Polypodiaceae, etc. Samples taken in 
the usual way show the following qualities: The upper layer 
presents a fine, deep brown, plastic character, in which there is 
much evidence of partially decayed lignified elements intermixed 
with the less resistant, and consequently more reduced, portions 
of fallen plants. This type of structure is very uniform to about 
9 feet in depth, where it gives place, as usual, to a layer of herbace- 
ous peat. The basal region furnishes specimens of a tine black 
nature in which there is a large admixture of sand. From results 
obtained by a study of the soundings it is evident that this bed has 
pursued a filling process similar to that mentioned in the discussion 
of the filled lake near Leesburg. The lowest allocthonous peat 


was formed in deep open water, which condition continued until 
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a sufficient mass of this type had accumulated to render the water 
shallow enough for the growth of herbaceous water plants. These 
plants gradually crept in from the shores until the surface was 
covered, and the accumulation of the remains of successive gen- 
erations of aquatica, together with the drifted and wind-blown 
material, eventually raised the amassed substance to such a height 
that it was above the low-water mark. This condition finally 
resulted in a change of flora to that of a more woody type, which 
has since formed the upper stratum of the deposit, the Verlandung 
of German authors. 

Lake Apopka, in Lake and Orange Counties, was the largest 
lake visited, and conditions were found to be very similar to those 
already described for Lake Harris. The entire northern shore is 
fringed by a broad saw grass marsh, 4 miles in breadth, with a 
limited region of cypress and hard woods between this and the 
higher land, and locally, where this woody growth extends to the 
water’s edge. The western shore is bordered by pine hills which 
extend directly to the shore without the intervening marshy areas. 
A series of samples from the edge of the Cladium marsh (diagram, 
66) show material of a herbaceous nature, which is evidently 
composed of amassed Cladium effusum, Sagittaria lancifolia, Cas- 
talia odorata, Scirpus validus, etc., light brown and very fibrous 
in character. The basal portion, however, was of an allocthonous 
nature, in the form of a deep black, finely grained deposit, gradually 
becoming coarser in the upper strata. This material is situated 
above a deep gray marl. On the western shore, just outside the 
floating Castalia and Utricularia (diagram, 68 and 69), there 
appears a layer of fine black lacustrine peat over 20 feet in depth, 
and, as in other regions where similar formations occur, there is no 
coarse material present, but all the specimens are uniformly deep 
brown and fine, with a habitual absence of coarse gray or pink 
material. The eastern shore presents, instead of the tine alloc- 
thonous peat, a partially decayed bed of Taxodium and other 
woods of so firm a nature that it was impossible to force the probing 
instrument through it, and consequently samples could be taken 
only from the top, each of which presents a very coarse woody 


character. The presence of this type of peat formation a mile 
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from shore (diagram, 71) would indicate that at the present time 
this lake is much larger than it was at some earlier period when 
this deposit was formed, since the plants which have entered into 
its composition can only exist in a partially drained locality, while 
at present there are 10 feet of water above the stratum. 

Many small shallow lakes at Zellwood, Eustis, and Orlando 
were visited, but each one showed a sandy floor and a character- 
istic absence of allocthonous material. This condition is owing, 
apparently, to the more or less intermittent nature of the lakes in 
which periods of drought permit the destructive action of the air 
and fungi to break down what little material there may have 
accumulated during periods of greater precipitation. Then, too, 
there is the action of the waves, which keeps the water in a state 
of agitation and prevents the gradual amassing of plant débris 
which may fall or float into the lake. 

An estimate of the extent of the peat deposits in Lake and 
Orange Counties is manifestly impossible when one considers that 
there are over 2,000 lakes in this vicinity which vary in size from 
Apopka, with its more than 60 miles of coast line, to those which 
are only a few rods in diameter. In order to make determinations 
with accuracy, it would be necessary to resort to a careful survey 
of each one individually, which is beyond the scope of the present 
investigations. Consequently, no attempt is made to give even 
the probable extent further than to state that the allocthonous 
deposits are of greater numerical and quantitative importance than 
those of an in situ character, a condition true, also, for the other 
regions visited in Florida. Further, when one considers the prob- 
able amount of lacustrine peat, both from the standpoint of the 
number of lakes and the extent of the deposits as revealed by 
probings in the chosen regions, one must infer that the allocthonous 
type of peat in these 2,000 lakes and surrounding marshes must 
be enormous, and, when compared with those of an autocthonous 
nature, their relative superiority is very striking. 

Lake Tohopikaliga, Osceola County, represents a large shallow 
lake with an area of about 30 sq. m. In following the dotted line 
in the plan of this lake there appears no place where the water is 
over 10 feet in depth (the observations were made in November, 
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1914, at a time when the water was at a low level), which accounts 
for the absence of any peat deposits, except in sheltered bayous, 
where the action of the waves has had no opportunity of prohibiting 
the accumulation of plant débris. Many of the sheltered portions, 
also, present no material of an organic nature, since the shallow 
character of the lake and the large fluctuation of the water level 
cause them to be dry for a part of the year, at which time the 
amassed material becomes desiccated and oxidized and floats away 
at the next inundation. 

The only region where peat was collected at Tohopikaliga was 
in a sheltered bay formed by the broadening of the inflowing 
creek (diagram, 60-65), where there appears a very shallow layer 
of sandy, drifted, sedimentary, and wind-blown allocthonous peat. 
Thus it is very evident that this lake presents conditions very 
similar to those found in the small shallow lakes previously men- 
tioned, in that the bottom is sandy and there is a general absence 
of vegetable accumulations. 

At Pablo Creek, Duval County, there is a broad marsh with 
an area of over 4,000 acres, entirely covered by a uniformly bluish 
black peat to the depth of 10 feet. This deposit evidently owes its 
existence to the accumulation of river drift and wind-blown mate- 
rial, in addition to the constant amassing of fallen herbaceous 
plants. The first 8 feet present a series of samples of a bluish 
color, in which there appears no coarse material. One very notice- 
able feature in this locality is a strong sulphurous odor, which may 
be due to the presence of an abundance of Beggiatoa. Below this 
fine plastic mass there is a thin stratum of woody material, prob- 
ably representative of an ancient inundated forest, which must 
have grown at some time when the water was at a much lower 
level than it is at present, and on its subsequent rising this flora 
gave place to more herbaceous and more water-loving species. 
The very basal layer consists of a shallow deposit of fine lacustrine 
peat, which has been formed upon the blue clay floor of this ancient 
lake. The material from this region is now used for agricultural 


purposes, after it has been artificially dried and mixed with com- 


mercial fertilizers, and the composition thus formed is placed on 
the market as “prepared humus,” which should be very valuable 
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when one considers the paucity of such natural formations in the 
upland portions of the state. 

From a study of the peat deposits of Florida it is evident that 
lacustrine formations are much more numerous and much more 
abundant than those that have been laid down 7m situ, that is, in 
bogs, a situation apparently due to two causes. In the first place, 
there are many large lakes in the central portion of the state which 
contain much allocthonous material, and perhaps cover a much 
more extensive territory than that represented by the low marshy 
areas. Moreover, in addition to the relative differences in area, 
climatic conditions favor rapid decay of all the fallen vegetation 
unless it is protected by a constant water covering, as is the case 
of the lacustrine formations, in contrast to the less constant, and 
consequently more exposed, marshy areas. 

It seems to be quite universal that the large or rather the deep 
lakes contain peat deposits, consisting of drifted, sedimentary, and 
wind-blown material. Moreover, although their deposition is due 
to the same agents, and has taken place under similar conditions, 
the individual accumulations of peat may present considerable 
variation in respect to color and texture. The variation in color 
is due to the relative amounts of organic and inorganic material 
present in the strata, for those which are mostly composed of 
plant débris present a uniformly deep brown coloration; but, on 
the other hand, where there is a large admixture of an inorganic 
nature, the samples may show a gray, pink, or red hue, depending 
upon the characteristic shade of the included silt, shells, etc. The 
texture is generally fine and plastic, with an absence of coarse 
material, except near the shore, where there is an addition of 
sediment resulting from water plants. The consistency may vary, 
however, depending entirely upon its position in the stratum. 

When these lake-formed deposits have been built up to a point 
about 10 feet below the average water level, species of the Nym- 
phaeaceae, Cladium, Sagittaria, etc., appear and gradually lay 
down a coarse, light brown fibrous peat of an allocthonous nature. 
In this type there is little evidence of decay until the deposit has 
reached such a level that the upper portion is above water for a 


part of the year, when the destructive action of the air and fungi 
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has an opportunity to partially break down the successive genera- 
tions of marsh-forming plants to a more or less amorphous mass 
of an autochthonous nature. When this stage is reached finally, 
the herbaceous plants give place to more woody species which, by 
a constant accumulation of deciduous matter, bring about the 
formation of a deep brown layer of granular texture, resulting from 
the only partial comminution of the resistant lignified elements. 

All the previously mentioned stages in the formation of filled 
lakes were seen, and Lake Weir may be chosen as representative 
of the initial phase, since the floor and shores are uniformly sandy, 
with the exception of a deep gray allocthonous deposit in its cen- 
tral or deeper portion. The eastern side of Lake Eustis represents 
an example of the second stage in the process, since there is a more 
organic stratum above the gray formation. Lake Dot shows a still 
further transition in the form of a border of grass along the shore 
and the presence of a few of the deeper water plants growing on 
the surface of the brown lacustrine material. A more advanced 
degree of invasion may be seen in Lake Griffin, where there occurs 
a quantity of allocthonous peat covering the deeper part of the 
lake, and already the extending Cladium, Sagittaria, etc., have 
formed a broad surrounding marsh, the outer border of which is 
in turn bounded by a dense encroaching growth of more woody 
species. The final stage in the filling process is indicated by the 
bog near Leesburg, where the grassy plants have long since covered 
the entire area, and are now replaced by a dense growth of lowland 
trees. Conditions similar to these may be seen in many of the 
smaller deep lakes in this region. 

Shallow lakes, whether large or small, show a general absence 
of peat formations, owing to their intermittent character, which, 
during periods of low water, permits the oxidation and comminu- 
tion of what plant débris may have gathered; and the agitation 
by the waves prevents the accumulation of wind-blown and drifted 
material, as well as the sedimentation of water plants where such 
occur on the shores. 


Conclusions 


1. There are two main types of peat formation, namely, those 


deposits which are represented by a gradual amassing of drifted, 
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wind-blown, and sedimentary vegetable material in permanent, 
open, and quiet bodies of water (allocthonous), and those which 
have resulted from a gradual accumulation of successive genera- 
tions of plants 7m situ, in the presence of more or less permanent 
but concealed water (autochthonous). 

2. Allocthonous peat is characteristic of deep permanent lakes 
and the lower portions of marshes; autochthonous peat is charac- 
teristic of the upper portions of marshes, the upper strata of filled 
lakes, and swamps. 

3. From what studies it was possible to make in regard to the 
average extent of these two types of peat formation it is evident 
that those of a lacustrine character (allocthonous) are of vastly 
greater numerical and quantitative importance than those of an 
autochthonous nature. 


In conclusion, the writer wishes to express his most sincere 
thanks to Dr. C. A. Davis, of the Bureau of Mines, Washington, 
D.C., for very valuable advice in regard to the collection of peat, 
for a report on the uses of peat (1), and for letters of introduction; 
to Mr. O. F. BurGER, of the Bussey Institute of Harvard Univer- 
sity, for letters of introduction to many of his friends in Florida; to 
Mrs. N. M. G. PRANGE, of Jacksonville, Florida, for valuable in- 
formation in regard to the work; to Professor P. H. Roirs, Director 
of the State Experiment Station at Gainesville, for information in 
regard to the locations of peat deposits. To Dr. E. C. JEFFREY, of 
Harvard University, I wish to express sincere thanks for advice. 


HARVARD UNIVERSITY 
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ON THE MECHANISM OF OXIDASE ACTION 


G. B. REED 


(WITH FOUR FIGURES) 

The suggestion was made some years ago by BAcu,' and later 
by KasTtLe and LoEVENHART,’ that the action of the oxidases de- 
pends on the fact that these bodies have a special aptitude for form- 
ing peroxides; that molecular oxygen in contact with complex 
autoxidizable substances combines with them to form unstable per- 
oxides which in turn can give up their oxygen, in part or completely, 
to any oxidizable substance present in the cell. These changes 
may be represented diagrammatically as follows: (1) A+O,=A0O, 
(oxygenase); (2) AO.+2B=A+2BO; or (3) AO.+B=AO+ BO; 
and (4) 4O.+A=2A0; where A is the autoxidizable substance (or 
substances) contained in the cell, which, by uniting with oxygen, 
forms the oxidase AO,. The oxidase, in contact with an oxi- 
dizable substance B, may give up its oxygen in a variety of ways, 
depending upon conditions. All of the oxygen may be absorbed 
by B as in equation (2), in which case A is liberated and may begin 
the cycle again by combining with atmospheric oxygen; but if 
only a part of the oxygen of the oxidase is absorbed, as in equation 
(3), the resulting AO is assumed to be inert and incapable of 
regenerating new oxygenase. Finally, if no combustible sub- 
stances are present, a part of the oxygen of the oxygenase may 
combine with a second A, which thus loses its regenerative power. 

This conception of biological oxidation, originally based upon 
TRAUBE’s peroxide theory of oxidation, finds abundant support in 
many discoveries made during the last to years. ‘TRAUBE was of 
the opinion that hydrogen peroxide is formed as a primary product 
in many, if not in all, oxidation processes, and that through its 
agency oxygen is transferred to the bodies finally undergoing com- 
bustion. ENGLER and his collaborators have been able to show 

*Compt. Rend. Acad. Sci. 124:951-954. 1897. 


\mer. Chem. Jour. 26:539-566. Igor. 
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that a peroxide of the substance undergoing oxidation is the usual 
intermediate product. Thus, when rubidium burns in air it is 
converted quantitatively into rubidium peroxide: Rb+0O,= 
RbO,; and as BAEYER and VILLIGER? have shown, when benzalde- 
hyde is exposed to oxygen, or to the air, it first absorbs oxygen to 
form benzoyl-hydrogen peroxide: 
C.H,CHO+0,=C,H,CO—O—OH. 
benzaldehyde benzoyl-hydrogen peroxide 

If allowed to remain in contact with water, the benzoyl-hydrogen 
peroxide is hydrolyzed with the production of benzoic acid and 
hydrogen peroxide: 

CH ,CO—O—OH+HOH =C,H,COOH+H.0.. 
benzoyl-hydrogen peroxide benzoic acid 

If a second molecule of benzaldehyde comes in contact with the 
benzoyl-hydrogen peroxide, however, the former is oxidized and 
two molecules of the acid are produced: 

CsH,CO—O—OH+C;,H,CHO= 2C,H,COOH. 
benzoyl-hydrogen peroxide benzaldehyde benzoic acid 

Finally, if an oxidizable substance, such as indigo, be present, 
it is oxidized by the benzoyl-hydrogen peroxide with the produc- 
tion of isatin and benzoic acid, thus: 

CH N O:-+CoH ,CO—O—H = 2CsH,NO.+2C,H.COOH. 
indigo benzoyl-hydrogen peroxide isatin benzoic acid 

Hence through the intermediary action of the benzoyl-hydrogen 
peroxide benzaldehyde is oxidized to benzoic acid; or a second 
oxidizable substance, which is not acted upon by atmospheric 
oxygen, may also be oxidized by the peroxide. 

More direct evidence that the oxidations within the organism 
follow this peroxidase procedure has been given by BacH and 
CHODAT,? who were able to isolate a peroxide from the fresh juice 
of Lathraea squamaria at a time when it exhibited active oxidase 
action. After long standing, however, when the juice had lost its 
oxidase activity, it contained no peroxide. These investigators 
accordingly concluded that the oxidase itself is of a peroxide nature 
or contains a peroxide as one of its constituents. This conclusion 

Ber. Deutsch. Chem. Gesells. 33:1569-1585. 1900. 
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was later® confirmed and extended by separating an oxidase into 
two constituents, a peroxide-like substance which they called 
oxygenase, and a body capable of activating this peroxide, namely, 
a peroxidase. By treating the fresh juice of Lactarius vellereus 
with 4o per cent alcohol, a precipitate was obtained which (in 
watery solutions) exhibited the properties of a very weak oxidase. 
The filtrate, however, when taken alone showed no oxidative 
activity, but was capable of imparting great activity to either 
hydrogen peroxide or to the precipitate which contained the 
oxygenase. 

A considerable number of data indicate that all the so-called 
“direct oxidases”’ (that is, those which blue gum guaiac without 
the addition of hydrogen peroxide) consist of two such substances. 
Bacu® has shown that the peroxidase separated from tyrosinase 
will activate either its own oxygenase or hydrogen peroxide. The 
writer has also obtained similar results with an oxidase of the 
laccase type from potatoes by the following method. 

Equal volumes of finely grated potato peelings and 55 per cent 
alcohol were mixed in a mortar, ground together until the potato 
was completely macerated, and then filtered. The filtrate was 
found to contain a peroxidase; while the residue, after washing 
with 55 per cent alcohol, extracting for several hours with an equal 
volume of water and finally filtering, gave an oxygenase solution, 
as the following experiments indicate. 

The oxidizing activity of each of these fractions on Ps rogallol, 
acting separately or in conjunction, was determined by mixing 
them in the proportions indicated in table I. After 4 hours the 
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purpurogallin resulting from the oxidation of the pyrogallol was 
filtered off on asbestos under pressure, washed free of unoxidized 
pyrogallol, dissolved in 10 cc. of concentrated sulphuric acid, and 
the amount determined by titrating with o.05M potassium per- 
manganate. The results are indicated in the last column of table I. 

The amount of pyrogallol oxidized in 4 hours by different com- 
binations of potato and horse-radish peroxidase with potato oxy- 
genase is indicated by the amount of KMn0O, required for titration 
(the greater the amount of KMnO, required the greater the oxi- 
dation). It is evident that, like the Lactarius oxygenase, the 
potato oxygenase has some power to oxidize pyrogallol, but that 
this action is greatly accelerated by the peroxidase from the same 
source and to a less extent by that obtained from other sources 
(for example, from the horse-radish). 

These results furnish additional evidence in support of the con- 
clusion that all the direct oxidases consist of oxygenases plus peroxi- 
dases. Some tissues or extracts possess the indirect oxidase action 
(that is, they react only after the addition of a peroxide) and are 
capable of activating the oxygenases, hydrogen peroxide, or various 
organic peroxides, and it appears that they differ from those 
exhibiting direct action only in the absence of oxygenase or in 
lacking the ability: to regenerate oxygenase. 

Bacu and CuHopat’ consider that the oxygenases are formed as 
a result of an enzyme reaction or that they are themselves enzymes. 
Moore and Wuit.ey,* while agreeing with the former investi- 
gators as to the occurrence of oxygenases, consider them to be 
merely unstable peroxides resulting directly from contact of atmos- 
pheric oxygen with various substances in the cell, such as BAEYER 
and VILLIGER (/.c.) have shown that benzoyl-hydrogen peroxide 
will form. The solution of this problem awaits further investi- 
gation. 

Whatever the origin of the oxygenase may be, it is clear that 
there is a substance, peroxidase, possessing enzyme properties, 
and capable of transferring oxygen from oxygenases (or from 
peroxides of known constitution) to oxidizable substances. The 

7 Ber. Deutsch. Chem. Gesells. 36:600-605. 1903. 


8 Biochem. Jour. 4:136-167. 1909. 
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mechanism of this reaction, however, has been quite unknown. 
A suggestion in regard to it was made by BAcH and CHopDAT,? who 
found that an excess of either peroxidase or hydrogen peroxide had 
no effect on the rate at which pyrogallol was oxidized by hydrogen 
peroxides and horse-radish peroxidase. They concluded that the 
peroxide and peroxidase always take part in the reaction in constant 
proportions. BAcH and CuHopat thus arrived at the conclusion 
which had previously been advanced by KAsTLE and LOEVENHART 
l.c.) from theoretical considerations, namely, that the peroxidase 
forms a definite compound with hydrogen peroxide, exhibiting 
more energetic oxidizing properties than the peroxide alone. 

The writer has obtained results of a much more definite and 
conclusive character by experimenting with platinum black and 
by applying the suggestions gained in this way to the study of 
enzyme reactions found in living tissue. The present paper con- 
tains an account of the experiments with platinum black. 

In connection with certain experiments it was observed that 
different samples of colloidal platinum and colloidal silver (pre- 
pared by passing a direct current between two electrodes of the 
metal under water) behaved differently toward solutions of gum 
guaiac. In some cases the guaiac was oxidized directly, in others 
only after the addition of a peroxide. This condition suggested 
to the writer that samples of colloidal metal might contain different 
proportions of oxygen, and, moreover, that the amount might be 
varied by suitable treatment. Subsequent experimentation has 
proved this supposition to be correct. 

Instead of a solution of colloidal platinum, a platinum surface 
covered with the colloidal metal has been employed. A large 
platinum crucible with a surface of about 150 sq. cm. was platinized 
in the ordinary manner, by making it a cathode in a solution con- 
taining 2 gm. platinum chloride and 0.16 gm. lead acetate in 60 cc. 
of water, until tts surface was uniformly coated with a black deposit 
of the colloidal metal. It was then subjected to active hydrogen 
by making it a cathode in a dilute solution of hydrochloric acid 
through which was passed a current of one ampere at 110 volt. 
To prevent the oxygen generated at the opposite pole from reaching 


9 Ber. Deutsch. Chem. Gesells. 37:1342-1348. 1904. 
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the colloidal platinum the electrolysis was carried out in two beakers 


connected by a siphon. 


D 


produced no oxidation. 














15 


400 
SUNUTES 
Fic. 1.—Curves showing oxidation of formalde- 
hyde; lower curves OA, AB, BC represent succes 
sive oxidations by platinum black which had been 


25 50 


charged with oxygen by making it an anode in 
dilute acid at the beginning of each operation; 
upper curve OD represents the oxidation by hydro 
gen peroxide in the presence of platinum black; 
ordinates represent amount of formic acid produced 
(expressed as the difference in the number of cc. 
0.05M HCl required to neutralize the NaOH in 
.of the mixture at the beginning of the experi 
ment and after a part of it had been neutralized by 
the formic acid produced); abscissae represent time 
in minutes. 


5 c¢ 


It was shown by Moore and WHITLEY 


After this treatment with active hydrogen, the plati- 
num crucible, when placed in a solution of gum guaiac' 
free from peroxide, or in a solution of potassium iodide, 
But after subjecting the colloidal 
metal to active oxygen (by making it the anode in the 
same electrolysis apparatus as used before) it produced rapid 


oxidation when placed in 
a solution of either gum 
guaiac or potassium 
iodide. This was shown 
by the appearance of a 
blue color in the former 
and after the addition of 
starch paste in the lat- 
ter. Although this reac- 
tion took place rapidly, 
it that 
only a very small 
amount of material was 
oxidized. 


was. observed 


This sug- 
gested that the amount 
of oxygen taken up by 
the platinum was suffi- 
cient for only a limited 
oxidation. 

To determine whether 
this was true, quantita- 
tive experiments were 
undertaken. For this 
purpose the oxidation of 
formic aldehyde to for- 
mic acid suggested itself 
as a reaction, which is 


Biochem. Jour. 4:169) that ordinary 


alcoholic solutions of gum guaiac frequently contain traces of peroxide which may be 


removed by boiling the tincture with animal charcoal. 
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catalyzed by platinum black and which can be accurately and con- 
veniently measured. 

About 80 cc. of a solution containing 0o.05M NaOH and 
approximately o.3M formaldehyde was placed in an open beaker 
in a water bath maintained at a constant temperature of 30° C. 
The platinum crucible was freshly platinized and exposed to active 
oxygen (as previously described) for 5 minutes. It was then 
washed by rapidly dipping it into three changes of distilled water,” 
after which it was introduced into the solution of formaldehyde. 
The mixture was kept thoroughly stirred throughout the experi- 
ment, and at frequent intervals 2 cc. were removed and titrated 
with o.o5M HCl. This showed the amount of NaOH neutral- 
ized by the formic acid generated in the reaction. The results are 
expressed in the curve OA, fig. 1. 

The amount of formic acid formed in this reaction is very small 
when compared with the amount of formic aldehyde present at 
the start. When equilibrium is reached, therefore, it must be the 
oxygen (presumably the oxygen that was combined with the 
platinum in the charging process), and not the aldehyde, that is 
used up. If this be true, by furnishing more oxygen combined 
with the platinum the reaction should proceed much farther. 
This condition was realized experimentally by recharging the 
platinum with oxygen. 

After the first reaction between oxidized platinum and aldehyde 
had almost reached an equilibrium, the platinum electrode was 
removed from the solution and subjected to active oxygen as in 
the former case; it was then washed and returned to the same 
formaldehyde solution. Renewing the supply of oxygen on the 
platinum in this manner caused the formation of more formic acid. 
The results plotted in the curve AB, tig. 1, indicate that the reaction 
proceeded at approximately the same rate as with the first charge 
of oxygen. Repeating the operation a third time gave the similar 
results plotted in the curve BC, fig. 1. 

* As a check experiment, the platinum after this amount of washing was placed 


in o.o5M NaOH without formaldehyde; titration showed no decrease in alkalinity, 
hence the washing was suflicient to remove the very dilute acid of the solution in 


which it was oxidized. 
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It is evident that the oxygen concerned in this reaction is 
derived from the platinum, and that the more frequently the 
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ic. 2.—Curves of the rate of oxidation of 


formaldehyde by hydrogen peroxide: OA repre 
sents oxidation in absence of a catalyzer; OB repre 
sents oxidation in presence of colloidal platinum; 
OC represents activity of the catalyzer; ordinates 
represent amount of formic acid produced (stated 
as the difference in number of cc. 0.05M HCl 
required to neutralize the NaOH in 5 cc. of the 
mixture at the beginning of the experiment and 
after a part of it was neutralized by the formic acid 


produced); abscissae represent time in minutes. 


formic aldehyde in the mixture (which was kept well stirred and at 


a constant temperature of 30° C.) was determined, as in the former 
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platinum is recharged 
with oxygen the higher 
will be the rate of forma- 
tion of formic acid. It is 
of theoretical interest to 
determine whether the 
rate can thus be made to 
approximate that of the 
production of formic acid 
in the presence of hydro- 
gen peroxide. The latter 
reaction was accordingly 
investigated. 

Since hydrogen perox- 
ide has considerable oxi- 
dizing action on the 
aldehyde in the absence of 
a catalyzer, it was neces- 
sary first of all to deter- 
mine the effect of the 
colloidal platinum on the 
reaction. For this pur- 
pose the following method 
was adopted. Toa solu- 
tion containing the same 
concentration of formic 
aldehyde and sodium hy- 
droxide as used in the 
previous experiment suffi- 
cient hydrogen peroxide 
was added to make the 
concentrationo.5M. The 
rate of oxidation of the 
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case, by titrating samples at frequent intervals with HCl. The 
results are indicated by the curve OA, fig. 2. The freshly plati- 
nized platinum crucible was then placed in a similar mixture of 
formic aldehyde, alkali, and hydrogen peroxide, and the rate of 
oxidation under the new conditions determined as before. The 
results are shown in the curve OB, fig. 2. By subtracting the 
ordinates of the curve OA from the ordinates of OB we obtain the 
curve OC, which expresses the effect of the catalyzer. For 
subsequent comparison the curve OC is also plotted as curve 
OD, fig. 1. 

As has been shown, the speed of the reaction between aldehyde 
and oxidized platinum, in the absence of any other source of oxygen, 
is a function of the amount of oxygen which can be furnished by 
the charged platinum; and it is evident from an inspection of the 
reaction curve OA of fig. 1 that by starting with a sufficiently 
high concentration of oxygen on the platinum the initial velocity 
could be made equal to the velocity of the catalyzed peroxide 
reaction represented by OD. As the curves indicate, the former 
reaction in the absence of a continual supply of oxygen slows 
down much more rapidly than the peroxide reaction; but it is 
clearly possible to prevent this by recharging the platinum with 
oxygen at sufficiently short intervals. It seems evident, there- 
fore, that the hydrogen peroxide acts by recharging the plati- 
num with oxygen as soon as a portion of the oxygen has been 
removed by the formaldehyde. This is of great theoretical interest 
as an explanation of the means by which the catalyzer produces 
its effect, that is, by combining with one or both of the reacting 
substances. 

Measurement of the oxidation potential of this platinized sur- 
face when connected as a cathode through a formic aldehyde 
mixture similar to that previously used led to the same conclu- 
sions.'? When freshly charged with oxygen the platinum exhibited 
a high potential, but on contact with the aldehyde solution this 
rapidly dropped to equilibrium at very nearly zero potential. In 
the presence of hydrogen peroxide and the aldehyde mixture, 


2 Reep, G. B., Measurement of oxidation potential and its significance in the 
study of oxidases. 


Bot. GAZ. 61:523-527. figs. 2. 1916. 
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however, the oxidation potential did not fall so low, and it remained 
approximately constant until the peroxide was exhausted.” 








£ 
C 
B 
A 
0 
as 
SUNUTES 
Fic. 3.—Curves showing oxidation of potas- 


sium iodide; lower curves OA, AB, BC, represent 
successive oxidations by platinum black which had 
been charged with oxygen at the beginning of each 
oxidation; curve OE represents oxidation by hydro- 
gen peroxide in presence of colloidal platinum; ordi 
nates represent drops of o.o1M Naz S2 O; required 
to combine with the iodine in 5 cc. of the reaction 


mixture; abscissae represent time in minutes. 


From these results it 
may be concluded that in 
the oxidation of formic 
aldehyde by hydrogen 
peroxide in the presence 
black 
reactions are concerned: 
the platinum 


of platinum two 
combines 
with oxygen from the 
hydrogen peroxide, as it 
combined with oxygen 
when subjected to anodic 
oxidation; this compound 
of platinum then gives up 
its to the 
maldehyde, producing 


oxygen for- 
formic acid. 

In a similar manner it 
was possible to show that 
the catalytic action of 
platinum black the 


of potassium 


on 
oxidation 
iodide by hydrogen per- 
oxide due to 


Was an 


intermediate — platinum- 
oxygen compound. <A 
freshly platinized _ plati- 
num crucible, which had 
just to 


active oxygen in the man- 


been subjected 


ner described in the pre- 


vious experiment, was 


3 The oxidation potential in hydrogen peroxide is much lower than would be 
expected from its activity as an oxidizing agent (Lewis, Jour. Amer. Chem. Soc. 36: 
, Which is probably due to the fact that it may act as both an oxidizing and 
as a reducing agent. 
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placed in 100 cc. of a o.2M solution of potassium iodide, which 
was maintained at a constant temperature of 20°C. Portions of 
5 cc. were removed at frequent intervals and titrated with 0.o1M 
sodium thiosulfate (with starch indicator) for the amount of iodine 
liberated in the oxidation. The curves OA, AB, BC, fig. 3, 
represent the velocity of oxidation of potassium iodide after succes- 
sive chargings of the platinum with oxygen. 
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MINUTES 

Fic. 4.—Curves showing fall of oxidation potential of colloidal platinum in 
3 successive oxidations of a potassium iodide solution after the platinum had been 
charged with oxygen at an anode at the beginning of each oxidation; ordinates repre- 
sent volts; abscissae represent time in minutes. 


By connecting the platinum, as a cathode, to an apparatus for 
the measurement of the oxidation potential it was found that the 
rate at which the oxygen potential dropped, that is, the rate at 
which oxygen was given up by the platinum. electrode in the potas- 
sium iodide solution, followed very nearly the velocity of the oxi- 
dation reaction. This may be seen by comparing the curves in 


fig. 4, showing the changes in the potential of the platinum after 


three successive chargings with oxygen, with the rates of oxidation 
produced by the platinum as plotted in fig. 3. It is evident that 
the drop in potential is somewhat more rapid than the oxidation as 
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measured, but this is doubtless owing to the fact that the products 
of the reaction must diffuse from the spongy platinum into the 
solution before they can be detected by titration. 

It seems evident, therefore, that in this reaction, as in the oxi- 
dation of formaldehyde, the platinum is capable of carrying oxygen 
into the solution, and it appears from fig. 3 that if the oxygen were 
supplied at sufficiently frequent intervals the reaction could be 
made to follow the curve OE, which represents the action of colloidal 
platinum in the oxidation of potassium iodide by hydrogen peroxide. 

From these two reactions it may be concluded that when 
colloidal platinum is introduced into a mixture of hydrogen 
peroxide and an oxidizable substance the platinum takes up oxygen 
from the peroxide, thereby forming a more efficient oxidizing 
agent than the original hydrogen peroxide. The catalytic action 
of the platinum in this case, that is, its peroxidase action, therefore, 
depends upon its aptitude for forming unstable oxygen compounds 
when it is in contact with hydrogen peroxide. 

Similar experiments with plant material will be reported on 
in a subsequent paper. 

LABORATORY OF PLANT PHYSIOLOGY 
HARVARD UNIVERSITY 











THE TEMPERATURE COEFFICIENT OF THE DURATION 
OF LIFE OF CERAMIUM TENUISSIMUM 
ArTHUR H. AYRES 


Reaction velocities at various temperatures have become of 
much interest to biologists, on account of the possibility they 
present for the identification of certain physiological processes as 
chemical or physical, since it has been found that certain common 
physical and chemical reactions have rather characteristic tempera- 
ture coefficients. Thus, if we suspect that a certain reaction is 
due to a chemical process, we can determine whether or not the 
velocity of the reaction at various temperatures is of the magni- 
tude demanded by a chemical reaction. Since the temperature 
coetiicients for all chemical reactions do not always have the same 
order of magnitude as demanded by the van't Hoff rule on the 
dependence of the rate of reaction of chemical processes upon 
temperature (g), the test is not wholly conclusive, but indicates 
rather a probable explanation of the phenomenon in question. 

Animal physiologists in recent years have given much attention 
to temperature coefficients, but very little work has been done 
upon this subject by plant physiologists. CLAUSEN (2) was the 
first to show that the rate of evolution of carbon dioxide from 
seedlings and buds was about doubled with an increase of 1o° C. 
Miss MATTHAE! (5) found that van't Hoff’s rule applied to the 
fixation of carbon dioxide by leaves in sunlight and to the evolution 
of this gas by leaves in the dark. Price (7) determined the 
temperature coefficient for the opening of flower buds, and found it 
to have the magnitude demanded for a chemical reaction. 

It will be seen that these experiments deal with growth phe- 
nomena. LOoeB (4) was the first to call attention to the fact that 
the temperature coettcient of the duration of life of sea urchin 
eggs differs widely from that of their development, the temperature 
coefhicient of development being 2.86 for a rise in temperature 
of ro’ C., while that of duration of life is nearly 2 for a rise in 
temperature of 1 C. Moore (6) found that the temperature 


( 
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coefficient of the duration of life of Tubularia crocea stems was of 
the same order of magnitude as that found by Lorn for sea urchin 
eggs, being about 2 for each degree centigrade rise in temperature. 
The results of these investigations on animals led GoopsPEED (3 
to determine the temperature coefficient of the duration of life in 
barley, which was found to be 1.27 for an interval of 1° C., or 
about 11 for 10° C. This result is much lower than that found by 
Loes for sea urchin eggs, and by Moore for hydroid stems, and 
is much higher than the temperature coefficients determined for 
growth phenomena in plants. 

The results obtained with barley involved the use of relatively 
high temperatures, and it was suggested to me that similar investi- 
gations upon the marine algae, involving a lower range of tem- 
perature, might yield data which could more properly be compared 
with the results obtained with simple animal organisms by Logs, 
Moore, and others. Another reason for using an alga is that 
we then deal with a much simpler structure than was used by 
GOODSPEED (loc. cit.), thus eliminating to a certain extent the 
possibility of unknown factors entering into the experiment. 

Physiologists have recognized that the degree to which van't 
Hoff’s rule applies to physiological processes is determined by the 
degree of uniformity in which experimental material is affected 
by the environmental changes. Thus, whenever it is possible, 
isolated cells are chosen for experimental purposes, a small energy 
change being the most influential cause of uniformity in physio- 
logical reactions (cf. BARRY 1). In this connection it is to be 
noticed that the tissues used for observation in the present experi- 
ment were those in the apical region, and were thus embryonic in 
character; hence, the following observations are more nearly 
comparable with those of other investigators who have used 
embryonic animal cells or tissue in their investigations. 

Of the material available, certain members of the Rhodophy- 
ceae were chosen, especially those species which are known to show 
a more or less definite death point by a rapid and distinct change 
of color. In a number of preliminary experiments the plant which 
passes commonly as the Pacific Coast form of Ceramium lenutis- 
simum gave the sharpest death point color reaction, and for this 


reason was used exclusively. 
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The material was collected from floats in a tidal estuary of 
San Francisco Bay. The temperature of the water in which 
Ceramium tenuissimum occurs undoubtedly varies somewhat with 
the change of seasons, but during the winter the temperature is 
practically constant at g-10° C. The plants to be brought into 
the laboratory were placed in jars of sea water at the place of 
collection. In the laboratory they were kept at a temperature 
of 12-14 C. by immersing the jars in a stream of running tap 
water. By replacing the sea water occasionally the material was 
kept growing normally in the laboratory for several days. 

Two methods were employed for obtaining and maintaining 
the desired temperatures. In the first place, the temperatures 
were kept constant within an asbestos-lined hood by means of a 
double water bath heated by a Bunsen burner, which was auto- 
matically regulated by a mercury thermo-regulator. By placing 
covered finger bowls containing sea water on shelves in the hood 
above or around the water bath, a considerable number of constant 
temperatures was obtained. The second method consisted in 
placing a double bell jar filled with water over a heavy glass dish 
containing the material in sea water. This apparatus was then 
placed on top of a glass case which inclosed a 16-candle-power 
incandescent light. A free circulation of air maintained the tem- 
peratures constant to +0.5°. The various temperatures desired 
were obtained by shifting the position of the bell jar and the 
dish with reference to the light. The results secured by these 
two methods of obtaining constant temperatures agreed so closely 
that both were employed. 

A finger bowl, containing 100 cc. of sea water, covered to pre- 
vent evaporation, was brought to the desired temperature and 
maintained constant there for about 30 minutes; a number of 
plants were then transferred directly from the aquarium to the 
finger bowl. At intervals some of the material was removed from 
the finger bowl and transferred to a small quantity of sea water 
at the temperature of the laboratory. ‘* Duration of life,” as used 
in table I, was taken as the time for which a given temperature 
must act to cause a change in color of the apical cells of the branches 
from maroon, the normal color, to brick red color, which is char- 


acteristic of dead material. This change in color is due probably 
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to a change in the permeability of the chromatophores, thus allow- 
ing the phycoerythrin to diffuse out into the cell contents. The 
larger cells of the plant show this diffusion of the pigment before 
smaller cells at the tip show any such change. The change in color 
is most evident after the plant has been left standing at room tem- 
perature for 6-10 hours after removal from the constant tempera- 
ture chamber. Branches which remained the normal color after 
heating were found to proliferate and grow to some length when 
allowed to stand, while those which showed diffusion of the coloring 
matter from the chromatophores did not grow further. This fact 


justifies the use of the color reaction as an indicator of the duration 


of life. Table I expresses the average results of a number of 


experiments. 
TABLE I 
Temperature Duration of life Mean temperature 
(centigrade) (minutes) coefficient for 1° C. 
ee 300-340 320 
b21 
29.. : : 240-285 262.5 
ie 
30.. Bare 210-255 232.5 
1.10 
31 155-215 200 
1.15 
32 160-185 172.5 
2.15 
33 75- 85 80 ’ 
1.18 
34 60- 75 67.5 
1.42 
35 40- 55 47-5 
xh eee 1.58 
30 I 30 
2.14 
37 12- 16 14 
1.04 
35 T= 39) o.5 


Average temperature coefficient for 1° C., 1.47 


The temperature coefficient of the duration of life of Ceramium 
tenuissimum has been determined thus for the temperatures 
28-38° C. inclusive, and found to average 1.47 for each degree 
centigrade rise in temperature. This average temperature coefti- 
cient corresponds closely with that found by GoopsPEED (1. 27), 
whose experiment involved the use of much higher temperatures 
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for barley grains, but is less than that found by Logs for sea urchin 
eggs and by Moore for hydroid stems. ‘This result is of far too 
great a magnitude for any of the well known physical processes, 
whose temperature coefficients seldom reach a magnitude as great 
as 2 for a 10° C. interval (cf. SNYDER 8). 

Although there is some question as to the value of temperature 
coefficients as indicating the exact nature of physiological processes, 
it seems fitting to make this contribution to our knowledge of a 
subject which may sometime give us a better understanding of 
fundamental biological phenomena. 


I wish to thank Professor SETCHELL and Dr. GoopsPEED of 
the botany department of the University of California for their 
continued interest and helpful criticism as this work has progressed. 


UNIVERSITY OF CALIFORNIA 
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QUADRAT STUDIES IN A MOUNTAIN GRASSLAND 

In connection with an extended study of dry grassland areas in the 
mountains of Colorado, the writer has examined a large number of meter 
square quadrats. A report! already published deals with 16 quadrats 
located at different stations in Boulder Park, Tolland, Colorado (alti- 
tude 8889 feet). In the present paper the vegetation is described for 
a series of 158 quadrats in the same park. These extend 138 m. in an 
east-west line, with an additional row of 20 running south from quadrat 
45. The general slope is toward the west, with consequent exposure 
to prevailing winds. 

Each quadrat was studied and recorded separately, according to the 
plan described in an earlier paper. The records for all quadrats of 
each society were then added and averaged. Apparently this kind of 
work does not appeal to most ecologists, as I have found no published 
figures on xerophytic grasslands that could be used for comparison. 

Six minor assemblages of plants are included in the quadrats studied. 
The list, together with the quadrat numbers, follows: 


Xerophytic ridge (Erigeron mulltifidus society) 1-16 
Xerophytic slope (Muhlenbergia-Comandra society) ves 637-76, 139-158 
Xerophytic slope (Wuhlenbergia-Antennaria anaphaloides society) . i fare 
Xerophytic slope (Muhlenbergia-Aragallus society) Nene rae Q2-110 
Hypoxerophytic slope (Muhlenbergia-Danthonia society) 32-36, 77-91, 127-138 
Glacial sink 5s sy EET=126 


The systematic list which forms the chief part of this article is pre- 
pared from collections made in the midsummer of 1914; Censuses were 
made at that time and verified in 1915. It will be seen that grasses 
form a large part of the vegetation, 18 species out of a totalof 79. Sedges 
are not so important as is often the case in mountain grasslands or 
indeed as in other parts of the same park. There is an entire absence 

* RaAMALEY, F., The relative importance of different species in a mountain grass 
land. Bor. GAz. 60:154-157. 1915. 

2 . The amount of bare ground in some mountain grasslands. Bor. Gz 
5§7:520-525. I9QI4. 
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of such plains grasses as Bulbilis and Bouteloua. No cacti of any kind 
are found, although they are present in mountain parks at slightly lower 
altitudes. The large proportion of Papilionaceae and Carduaceae here 
noted is to be expected in any area of the Rocky Mountain region. 

Many of the plants are recorded from all of the minor communities 
in the list; some from only a part. The species here noted include most 
of the common ones of xerophytic areas of higher parks, but only about 
one-half of the entire number of species in the dry grassland of Boulder 
Park. 

The figures in the list are for percentages of ground covered. 
Amounts less than one-tenth of 1 per cent are given as 0.1 per cent. 
An asterisk (*) is placed after the names of species found in all or all 
but one of the different communities. 

The water requirements of the several species will be understood 
best if the reader will keep in mind that the most xerophytic plant 
assemblage is represented in column 1, and that the other columns 
represent in order less and less arid conditions. Hencea plant shown only 
at the left of the table is hyperxerophytic, as Poa rupicola and Allium 
recurvatum. One recorded chiefly at the right is hypoxerophytic, as 
Agrostis hiemalis and Stipa viridula. It should be mentioned, however, 
that an occasional stray may get in anywhere, as Thermopsis divari- 
carpa, a meadow plant here recorded from the driest situation.— 
FRANCIS RAMALEY, University of Colorado, Boulder, Colo. 
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NOTES POR STUDENTS 


Ecology of the Santa Catalina Mountains.—The Santa Catalina Moun- 
tains of southeastern Arizona afford unusual opportunities for ecological studies 
by displaying a rich vegetation in the midst of a semi-arid region. They rise 
from a basal elevation of 3000 feet to a height of 9150 feet, and their proximity 
to Tucson has lead to their study by members of the staff of the Desert Labora- 
tory and of the University of Arizona. As a result of such an investigation, 
SHREVE! has made an analysis of the vegetation in relation to climatic factors. 
In general these mountains are characterized by rugged ridges of gneissic rock, 
and steep, rather narrow, drainage canyons without mountain parks or 
meadows. Only above 7500 feet is there any modification of the soil due to 
the accumulation of humus, while below that altitude the pockets and crevices 
are filled with a loam soil mixed and often with its surface covered with coarse 
angular fragments. About the base of the mountain are alluvial slopes of 
straight profile accumulated by violent and intermittent stream flow, and 
designated by their popular Spanish name “‘bajada.”’ In this study the vegeta- 
tion of the upper bajadas is included, giving a picture of the plant life by which 
the higher elevations are surrounded and from which they derive many of 
their characteristic spec ies. 

Three vegetational regions are distinguished: the desert, with an alti- 
tudinal range from 3000 feet on the upper bajadas to 4000-4500 feet upon the 
mountain slopes; the scrub or semi-desert, here designated “encinal,” with an 
upward limit of 6000-7000 feet; and forest reaching to and most highly devel- 
oped upon the mountain tops. The desert vegetation of the upper bajadas 
and mountain slopes differs from that of the lower plains principally in the 
greater number both of species and of individuals there present, but agrees 
in general openness of stand, lowness of stature, and diversity of types, com- 
prising principally such forms as stem succulents, microphyllous and sclero- 
phyllous shrubs, macrophyllous deciduous shrubs, perennial grasses, root 
perennials, and ephemeral herbaceous plants. Conspicuous examples of such 
types are seen in Cereus giganteus, Echinocactus spp., Opuntia spp., Prosopis 
velutina, Acacia Greggii, Parkinsonia microphylla, Covillea tridentata, Fouquiera 


splendens, Jatropha cardiophylla, and Franseria deltoidea; while at the upper 


SHREVE, Forrest, The vegetation of a desert mountain range as conditioned 


by climatic factors. Carnegie Inst. Wash. Publ. no. 217. pp. 112. pls. 36. figs. 17. 
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transition portion Prosopis and other shrubs, together with several grasses, 
become more abundant, and such forms as Agave Palmeri and Dasylirion 
Wheeleri appear. In the encinal the grass cover largely persists, although 
small evergreen trees and shrubs are the distinctive feature of the vegetation. 
Among the most abundant of these are several species of Quercus, Juniperus 
pachyphloea, Pinus cembroides, Arctostaphylos pungens, Mimosa biuncifera, 
Rhus trilobata, Garrya Wrightii, and Vauqguelinia californica. Herbaceous 
perennials are also abundant. 

The forest begins at about 6000 feet, with an open stand of Pinus arizonica, 
in which the evergreen oaks of the encinal become gradually more scattered. 
At slightly higher elevations Arbutus arizonica, Pseudotsuga mucronata, and 
Pinus strobiformis begin to be found, while the shrubby and herbaceous flora 
gradually changes by the appearance of less xerophytic forms. This forest 
reaches its highest expression by the appearance of Abies concolor above 7000 
feet, where the individual trees are larger and the stand becomes close and 
heavy. Such a mesophytic conifer forest in the midst of a desert calls for a 
close analysis of the climatic factors involved. The location of the Santa 
Catalina Mountains in a continental desert gives their lower slopes the climate 
characteristic of this desert, its main features being a low rainfall unequally 
distributed, a short winter with severe frost, and a long summer with high 
temperatures and low humidity. The major portion of the rainfall is contined 
to a short but well marked rainy season in July and August, within which a 
little over half of the annual precipitation usually occurs. At Tucson this has 
averaged 6.6 inches during the years 1907-1912, while in the mountains, 
although there have been very few observations, the average for the years 1907- 
1914 inclusive, at stations at 7600 feet, for the humid midsummer, was 17.45 
inches, or a probable annual average of 35 inches. The frostless season de- 
creases from a range extending from March to December at Tucson, to one 
from the middle of May to the beginning of October at Sooo feet, but perhaps 
the change at higher altitudes most important in its effect upon vegetation is 
the prolongation of spring shortening the arid fore-summer from 15 weeks on 
the desert, to 11 weeks at 6000 feet, and 6 weeks at 8000 feet. The influence 
of this modification will become apparent when it is recalled that this is the 
most trying season of the year, and the one in which moisture conditions are 
critical for the survival of individuals or species. The humid midsummer, on 
the contrary, is the season when conditions upon the desert and in the moun- 


tain are most alike, and during which there is the greatest vegetative activity 
in both habitats. A close analysis of these effects of the variations in the 
amount and distribution of the rainfall is given, together with a few data 
regarding the resulting conditions of soil moisture. 

The evaporative power of the air was determined by the use of standard 
atmometers at six stations, situated at regular intervals of 1000 feet from 
3000 to 8000 feet. At each station a pair of instruments, one with a north 
exposure and the other with a south exposure, were used, and some data were 
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secured during 1908 and 1910, and a more complete set of observations wa 


S 
obtained during the summer of 1911. ‘These results are expressed in an inter- 
esting series of graphs, with evaporation rates ranging from approximately 
roocc. per day from the standard atmometer at 3000 feet during April and 
May, and half that amount during the more humid July and August, to about 
15 cc. per day during the latter months at Sooo feet. The need of data from 
a larger number of stations for a series of years is recognized, but from those 
obtained the following conclusions are drawn: (1) the rate of evaporation 
through the arid and humid summer seasons is about 3.5 times as great on the 
desert as it is at Sooo feet; (2) the rates of evaporation are approximately half 
as great in humid midsummer as they are in arid fore-summer; (3) at the middle 
and higher altitudes the evaporation on north slopes is less than on south slopes; 
and (4) the difference between the amounts of evaporation on north and south 
slopes becomes greater with increase of altitude in proportion to the amounts 
of each. Corresponding with the high rates of evaporation are low values 
of relative humidity. A considerable amount of temperature data has been 
secured, its most important bearings having to do with the altitudinal shorten- 
ing of the frostless season, the altitudinal fall in temperature, the daily maxima 
and minima at various altitudes, and the absolute minima of winter. These 
data show that the lowest temperatures of winter (— 2° in 1913 and 15°5 F 
in 1914 at 7600 feet) are less severe on the Santa Catalinas than on the plateau 
of north central Arizona. The departure from the normal altitudinal gradient, 
due to the operation of cold air drainage, discussed in an earlier paper? and 
reviewed in this journal is supported by further data, and its importance in 
influencing vegetation is noted, and some soil temperature data seem to indi- 
cate that its winter minimum is decidedly above that of the air. With such 
remarkable variety in vegetation and such extremes in physical factors, the 
correlation of vegetation and its controlling factors become of the utmost 
importance, and in no part of this report is the excellence of the work better 
shown than in SHREVE’s discussion of the complex problems involved. With 
such a large gradient of climatic change, it might be expected that vertical 
distribution of sper ies would be decidedly limited, and such is the case. No 
plant extends its range from the desert to the upper forest, and very few extend 
through half that gradient of conditions, while in general it may | id that 


e Sale 


} 


ited to vertical ranges of less than 1500 feet in habitats of 





most are li 





the same 
topographic character. A vertical range of 4700 feet for Vitis avi 


canyons and ravines, 4200 feet for Agave Palmeri trom the dry slopes at 


feet to high open ridges, and Juniperus pachyphloea from northern sl 


slopes at 
1200 feet to ridges at 7900 feet are among the more extreme instances given. 
Moisture is recognized as the most critical factor controlling the vertical distri- 


bution of this vegetation, and the ratio of evaporation to soil moisture is 


SHREVE, Forrest, Cold air drainage. Plant World 15:110-115. 1912. 


Bor. GAZ. §55:203. 1913. 
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accepted as the best expression of the conditions which affect the water rela- 
tions of plants. Unfortunately, the soil moisture data are too scanty to afford 
a good basis for comparison, and are not expressed in terms indicating what 
proportion of this moisture is available for plant production. ‘The temperature 
control has been experimentally studied for a few species, and the results have 
been previously reported.4 These are given some further consideration, while 
slope exposure and topographic relief are carefully discussed. Perhaps nothing 
shows the unusual character of the factors controlling vegetation more than 
the fact that succession due to physiographic development and to the reaction 
of the plant upon its habitat is almost completely absent. 

In its efforts to determine in a quantitative manner the climatic and other 
physical factors involved, and in its careful attempts to correlate these factors 
with vegetation, this report may be regarded as an excellent example of modern 
ecological investigation. The illustrations are numerous, well chosen, and 
reproduced in the excellent manner that has usually characterized the publica- 
tions of the Carnegie Institution, while the organization of the material pre- 
sented is decidedly better than that of many similar publications that have 
come to the attention of the reviewer.—Geo. D. FULLER. 


Vegetation and tide levels.—The excellent opportunities for investigating 
the problems of seashore vegetation at Cold Spring Harbor, New York, afforded 
by the location at that place of the Biological Laboratory of the Brooklyn 
Institute of Arts and Sciences and the Carnegie Station for Experimental 
Evolution has been appreciated by many botanists, and the factors determin- 
ing the composition and distribution of the various plant associations in the 
vicinity are becoming better known. In 1912 JOHNSON and YoRKS made a 
preliminary announcement of the results of a survey of the inner harbor, and 
indicated the relations of the various plant associations to tide levels. This 
was followed by a more general paper by TRANSEAU® on the littoral successions 
of the vicinity, devoted principally to a consideration of the lines of succession 
followed by the seed plant communities from the salt marsh to the pine barrens. 
More recently there has come the full report of the careful survey of Jounson 
and York,’ who have confined their attention to the vegetation of the inner 
harbor. 


‘SHREVE, Forrest, Influence of low temperatures on the distribution of the 
giant cactus. Plant World 14:13¢ 


140. IQIT. 
—, The role of winter temperatures in determining the distribution of plants. 
Amer. Jour. Bot. 1:193-202. 1914; see review in Bot. GAz. §9:502-503. I9I5. 
Jounson, D.S., and York, H. H., The relation of plants to tide levels. Johns 
Hopkins Univ. Circular no. 2. pp. 6. 1912. 
PRANSEAU, E. N., The vegetation of Cold Spring Harbor, Long Island. I. The 
littoral succession. Plant World 16:189-210. figs. I-S. 1913. 
7 Jounson, D.S. and York, H. H., The relation of plants to tide levels. Car- 
negie Inst. Wash. Publ. no. 206. pp. 162. pls. 24. figs. 5. 1915. 
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This body of water is separated from the larger outer harbor by a spit of 
sand and gravel. The shallowness of its water may be noted from the fact 
that its area of 110 acres at mean high tide is reduced to 45.5 acres with the 
S-foot recession of the waters at mean low tide, while a further drop of 1 foot 
effects a further reduction to only 17 acres. The various levels were carefully 
marked by a large series of stakes set along the contour lines. In this way, 
using mean low water as zero, four vegetational belts were delimited: (1) the 
region of bottom vegetation from —3 to 1.5 feet, occupied by an algal associa- 
tion composed of Ulva and Enteromorpha together with an association of seed 
plants consisting of Zostera marina and Ruppia maritima, rooted in the muddy 
bottom; (2) the mid-littoral belt, from 1.5 to 6.5 feet, with the Spurtina 
glabra marsh and the algal rockweed associations, the latter being dominated 
by Fucus and Ascophyllum; (3) the upper littoral belt, from 6.5 to 8 feet, 
with associations dominated by species of Spartina, Juncus, and Scirpus; and 
(4) the supra-littoral belt, from 8 to 12 feet, containing many species combined 
in intermingling associations. 

In the careful analysis of many of the factors influencing the distribution 
of littoral plants, the substratum is found to consist of the lower stretches of a 
valley in glacial gravel and sand. The upper part of the valley is occupied by 
a small stream of fresh water flowing into the harbor, while in the harbor 
itself there is superimposed upon the gravel a black mud of varying depth, 
passing upward into a muddy peat formed by the remains of the salt marsh 
vegetation. The deposition of this peat is of such a character as to indicate 
comparatively recent coastal subsidence estimated at a minimum of 6 feet. 
Boulders of considerable size and the walls of wharves largely determine the hori- 
zontal limits of the rockweed association, while the larger plants act as the sub- 
stratum for a varied epiphytic vegetation comprising most of the red algae; 
the abundant mussels are seen to be important in anchoring Ulva and Entero- 
morpha clathrata. Details of the interaction of the plant life and these sub- 
strata are rather carefully worked out. 

Water currents due to tidal movements through the narrow channel at 
the end of the spit and to the inflowing stream of fresh water seem to be im- 
portant in effecting distribution of the species, both through the transporta- 
tion of the plants themselves, either broken or entire, and by the dispersal 
of seeds and spores. A secondary effect of currents is shown to be in 
changing the concentration of solutes about the plants themselves. Aeration 
is suggested as one of the important results, and further data are promised 
as to the distribution and effects of salinity. ‘Tidal movements as effecting 
changes in water are the factor, or rather the complex of factors, given most 
attention, and an analysis is made of the character of the tides as related to 
(1) submergence and exposure, (2) evaporation, (3) aeration, (4) salinity of 
soil water, (5) effect on exposure to rain, and (6) effect on light supply. Many 


data are tabulated regarding the duration of submergence and exposure, and 


the ratio between the duration of the two is determined. The distribution 
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of the various plant associations agrees very closely in every instance with 
variations in this ratio, the vertical range of littoral species being strictly and 
sometimes very narrowly limited. Strangely enough, practically no species 
is found to be distributed, as so often reported, “between tide marks.” The 
data upon the evaporative power of the air are scanty, only going to show that 
it is high, for as the atmometer readings were for a few hours of daylight only, 
no significant comparisons could be made with the data of other observers. 
Aeration due to tidal movements seems to be of some importance, while upon 
variation of salinity, the direct action of rain upon exposed vegetation, and the 
variation in light and their effects few exact data have been obtained as yet, 
but the careful study of the question of relative times of submergence and 
exposure has clearly defined many dependent problems for future investigation. 
This is perhaps the largest contribution from the careful and extended work of 
the authors. 

Little less important than the careful analysis of the factors controlling the 
vegetation is the detailed study of the distribution both of the plant associations 
and of the species composing these associations. The results are expressed 
in several excellent vegetational maps of the entire harbor, of the sand spit, 
and of the estuarial marsh, together with belt transects on a large scale of the 
spit and the marsh. These provide a basis for future studies, two or more 
decades hence, that wili certainly do much to give a better understanding of the 
causes and progress of plant succession in this and similar areas. The abun- 
dance of the data, the care with which they have been collected and arranged, 
the number of the maps, diagrams, and tables, and the organization of the 
discussion, are all matters to be highly commended. ‘The deficiencies and 
omissions are such as are dependent upon the size of the problem and the 
multiplicity of the factors involved, rather than upon the neglect or oversight 
of the investigators, who are to be congratulated upon their patience and care 
in making so important a contribution to our knowledge of littoral vegetation.— 
Geo. D. FULLER. 


Taxonomic notes.—BartLeT?T® has described a new Mexican guayule, 
naming it Parthenium Lloydii, collected by LLoyp in Zacatecas. 

Drxon? has described 1o new species of African mosses, one of which (F. 
IVageri) is made the basis of a new section of Fabronia. He also notes and dis- 
cusses 21 additional rare species. 

Evans” has described a new species of Metsgeria (M. grandiflora) from the 
Galapagos Islands, included in a collection of liverworts made by ALBAN 


8 BarTLETT, H. H., Parthenium Lloydii, a new Mexican guayule. Torreya 
16:45-46. 1916. 
» Drxon, H. N., New and rare African mosses, from Mirren’s herbarium and other 
sources. Bull. Torr. Bot. Club 43:63-81. pl. r. 1916. 
Evans, A. W., A new species of Mefzgeria from the Galapagos Islands. Torreya 
16:67-70. figs. 5. 1910. 


/ 

















1916] CURRENT LITERATURE oI 





STEWART while acting as botanist to an expedition of the California Academy 
of Sciences. It is said to be the first representative of the Metzgeriaceae from 
this group of islands. The specific name refers to the unusually large female 
branches. 

GOLDMAN" has described 3 new species of Quercus from Lower California, 
included in a collection made by himself and E. W. Nelson during a general 
exploration for the biological survey of the United States Department of Agri- 
culture. The period covered by the expedition was from April 1905 to Febru- 
ary 1906, during which the entire length of Lower California was traversed. 
In addition to the 3 new oaks, 19 other new species have already been pub- 
lished from material collected by this expedition. 

GRIFFITHS” has described 10 new species of Opuntia from material col- 
lected mostly in the Mexican border region, and chiefly in Texas. It is a 
noteworthy fact that all of these species have been propagated vegetatively 
in the Opuntia collection growing at Chico, California, have been studied in the 
field, except in one instance, and the majority of them have been grown to 
maturity from the seed. 

HALLIER,® in his study of the flora of Borneo, has described 9 new species. 

NAKAI," in this sixth contribution dealing with the woody plants of Korea, 
has presented the Pomaceae, describing 4 new species of Pyrus. 

OKAMURA‘ has published a list of marine algae collected in the Caroline 
Islands in 1915. The list includes 28 species of Chlorophyceae, 11 species of 
Phaeophyceae (2 new species), and 22 species of Florideae (1 new species). 

OstTERHOUT®” has described a new species of Phacelia (P. denticulata) from 
Colorado. It is related to P. glandulosa and P. neo-mexicana. 

PENNELL” has begun a series of notes on the plants of the southern states. 
The first paper consists chiefly of a critical revision of the genus Commelina in 
the United States. The full key to the species, serving the purpose of specific 
descriptions, is followed by a list of the 9 recognized species with full citation 


of exsiccatae. 


GoLpMAN, E. A., Plant records of an expedition to Lower California. Contr. 
U.S. Nat. Herb. 16:309-371. pls. 104-133. 1916. 
GriFFITHs, DAvip, New species of Opuntia. Bull. Torr. Bot. Club 43:83-092 
bls. 2, 3. 1910. 
HALLIER, Hans, Beitriige zur Flora von Borneo. Beih. Bot. Centralbl. 34: 19- 
53- IQ! 
+ NAKAI, T., Praecursores ad floram sylvaticam Koreanam. VI (Pomaceae). 
Jot. Mag. Tokyo 30:15-33. 1916. 
OKAMURA, kK., List of marine algae collected in Caroline Islands, 1915. Bot. 
Mag. Tokyo 30:1-14. figs. g. 19106. 
®OsterHOoUT, G. E., A new Phacelia from Colorado. Torreya 16:70-71. 1916. 
PENNELL, F. W., Notes on plants of the southern United States. I. Bull. 
Porr. Bot. Club 43:93-111. 1916. 
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Pirt1ER® has published his fifth contribution dealing with new or note- 
worthy plants from Colombia and Central America. Under various subtitles 
I5 new species are described, representing 12 genera, Bombacopsis (Bom- 
bacaceae) being a new genus. There is also a revision of Brownea and Browne- 
opsis (Caesalpiniaceae), as represented in Panama, Colombia, and Venezuela. 

TAKEDA” has described a new genus (Dysmorphococcus) of algae, which 
resembles externally Trachelomonas. The material was found in a small 
stagnant pond in Richmond Park, Surrey, England. 

VAN ALDERWERELT VAN ROSENBURGH,” in his seventh paper on new or 
interesting Malayan ferns, has published as new species or with new names 


42 species of ferns, representing 21 genera, and also 3 new club mosses.— 
J. M.C. 


Temperature and growth rate.—LeITcH,” working in the plant physiology 
laboratory of the University of Copenhagen, has done an excellent piece of 
work upon the effect of temperature on the rate of growth of the main root of 
Pisum sativum. Short experimental periods were used to avoid errors due to 
changing rate in the course of the grand period of growth. The period of 
maximum growth rate (root 5-10 mm. long) was also chosen. It was impor- 
tant in determining methods of experimentation that diffuse light or change of 
temperature, as such, does not modify the rate of growth of this organ. The 
temperature coefficient, Qi, is as follows for temperatures between o° C. 
and 28° C. 


Range of Temperature Range of Temperature 
temperature coefficient temperature coethcient 
o-1o C 8.25 12-22 C 2.67 
2-12 6.28 14-24° 2.44 
4-14 4.55 
6-10 3.72 16-20 2.31 
8-18° 3.24 18-28 2, 22 

10-20". 2.88 


The temperature coefficient is typically van’r Horr’s only between to and 
29 C., while below 10° C. the coefficient exceeds the vAN’t Horr value of 
2to 3. This means little regarding the nature of the growth process, for the 
coefficient often greatly exceeds 3 in monomolecular reactions in vitro. In 


‘S PirtieR, HeNry, New or noteworthy plants from Colombia and Central 
America. V. Contr. U.S. Nat. Herb. 18:143-171. pls. 57-So. figs. 10. 1916. 

19 TAKEDA, H., Dysmor phococcus variabilis, gen. et sp. nov. Ann. Botany 30:151 
156. figs. 15. 1916. 

2° VAN ALDERWERELT VAN ROSENBURGH, C. R. W. K., New or interesting 
Malayan ferns. VII. Bull. Jard. Bot. Buitenzorg 20: 


ft 


25. pl. Gq. IQI5. 
2t Leircu, I., Some experiments on the influence of temperature on the rate of 
growth in Pisum sativum. Ann. Botany 30:25-46. figs. 10. pl. 1. 1916. 
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growth, however, as is frequently true in chemical and physical processes, the 
coetlicient falls as the temperature rises above o° C. 

At temperatures above 29° C. the initial rate is not maintained, but 
fluctuates or falls as time elapses, the well known time factor of BLACKMAN. 
At 30° and 35° C. the initial fall in rate is followed by a rise, which in turn is 
followed by a continuous fall, while at 40° C. the fall in growth rate is continuous 
with the elapse of time. This is comparable to the respiratory intensities at 
higher temperatures as determined by KUIJPER.” 

The growth minimum for the organ studied is — 2° C. and the maximum 
14:5 C. In lieu of the errors involved in the old conception of optima, as 
shown by BLACKMAN and contirmed by many others, LEITCH proposes a new 
detinition for optimum temperature in relation to any process in the organism, 
namely, the highest temperature at which no time factor enters. For the organ 
studied the point is between 28° and 30° C. A fourth cardinal point is defined, 
namely, maximum-rate tem perature, as the temperature at which the process attains 
its highest intensity, which is 30°3 C. in this organ. 

It is to be regretted that the author did not have an opportunity to examine 
the excellent work of LEHENBAUER (thesis, Illinois, 1914), who had, in large 
part, obtained similar results and arrived at similar conclusions.—WM. 
CROCKER. 


Subalpine flora.—In continuing a series of phytogeographical papers, the 
first of which was recently reviewed in this journal,? RyDBERG* has discussed 
the forests and grasslands of the zones immediately below the alpine. He 
distinguishes two principal areas in the Rockies separated by a break in the 
range occurring in Wyoming about where the Union Pacific Railroad crosses. 
This break divides the portion of the region under discussion into the northern 
and the southern Rockies. The northern Rockies extend from the Yukon 
southward, and are made to include the Sawtooth Mountains of Idaho, 
the Tetons and the Big Horns of Wyoming, and the Cypress Hills of 
\lberta. They are further extended to include the Black Hills and smaller 
chains in their neighborhood. Over this area RYDBERG says the flora is prac- 
tically homogeneous, and includes among other trees not found in the southern 
part Lurix occidentalis, Abies grandis, Tsuga heterophylla, T. mertensiana, 
Thuja plicata, Taxus brevifolia, and several species of Betula, Salix, and Populus. 
In a further analysis of the flora, species exclusively southern and those com- 
mon throughout the range are noted. Notes are also made of habits of growth 
and peculiarities of distribution of the more important trees and of the variation 
of altitudinal range of the zones. 


2 Bot. GAZ. 50: 233-234. 1910. 23 Bot. GAZ. §9:64-65. 1915 
+RypDBERG, P. A., Phytogeographical notes on the Rocky Mountain region. 
IV. Forests of the subalpine and montane zones; V. Grasslands of the subalpine and 


montane zones. Bull. Torr. Bot. Club 42: 11-25, 629-642. 1915. 








BOTANICAL GAZETTE 





84 [JULY 

The second of these papers contains an analysis of the flora of the various 
mountain grasslands, those of the montane zone receiving most attention. 
Many species are common to the montane and subalpine zones, rather more to 
the montane and plains, while a smaller number are limited to either the 
northern or the southern montane zones only. Little attempt is made to 
analyze the composition and dynamics of the various grassland associations.— 
Geo. D. FULLER. 


Fungus lore.—In his presidential address before the British Mycological 
Society in 1914, BULLER* has given a very interesting account of what he calls 
the fungus lore of the Greeks and Romans. It is an admirable résumé of the 
ancient literature of fungi, and gives to the general botanist much information 
which he will prize. Such topics as the following suggest the kind of informa- 
tion presented: edible and poisonous fungi, the dawn of mycology, the first 
known illustration of a fungus, the rust disease, the origin of fungi, the medicinal 
properties of fungi, the origin of poisons in fungi, the cultivation of fungi, 
the misuse of classical names by LINNAEUS, etc. It is shown that the Greeks 
and Romans were familiar with many kinds of edible and poisonous fungi. 
As to the origin and reproduction of fungi, they were in complete ignorance, 
in general being contented to accept a theory of spontaneous generation. 

In a presidential address before the Royal Society of Canada in 1915, 
BULLER” continues the publication of his historical researches by presenting 
an account of “ MICHELI and the discovery of reproduction of fungi.’”’— 


J. M.C. 


Blooming period of Dendrobium.—RvuvicGErs and WENT” have investigated 
the factors concerned in the blooming of Dendrobium crumenatum, whose 
flowers open simultaneously on different individuals. They find that this 
coincident blooming of different plants depends upon the prevailing external 
conditions; and since these may vary in different places, the blooming period 
shows local variations. They conclude that light cannot exert any definite 
influence on the time of blooming, although it influences the number of flowers; 
and therefore they consider temperature or atmospheric moisture, or both 
factors together, to be responsible. ‘The development of the flowers proceeds 
slowly up to a definite stage, at which they remain until some inhibitory 
influence is resolved by external factors. When this has occurred, the last stage 
in the opening of the flowers is accomplished in a few days. The external 


Butter, A. H. R., The fungus lore of the Greeks and Romans. Trans. British 
Mycol. Soc. pp. 66. 1914. 
* BuLver, A. H. R., MicHevt and the discovery of reproduction in fungi. ‘Trans. 
Roy. Soc. Canada g:1-25. pl. 4. 1915. 
Rutcers, A. A. L., and Went, F. A. F. C., Periodische Erscheinungen bei 
den Bliiten des Dendrobium crumenatum Lindl. Ann. Jard. Bot. Buitenzorg 14:129- 
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conditions result in so vigorous a development of the flowers that the enveloping 
scales are burst.—J. M. C. 


Morphology of Gnetum.—PEARSON® has contributed much to our knowl- 


r 
edge of Gnetum, a genus so suggestive of a relationship to angiosperms as 
to deserve the most critical study. The present paper is a well organized 
summary of the known facts in reference to the genus, and while the argument 
for angiosperm affinity is not convincing, it shows that the case is still open. 
PEARSON sees in the behavior of the fusing nuclei of Welwitschia and Gnetum 
too much suggestion of the behavior of the polar nuclei in angiosperms to be 
passed over lightly. As the author remarks, ‘while the whole question is 
involved in much obscurity, it is surely not desirable at the present sta 
inquiry that the search for a primitive type of endosperm, from which that 


whicl 


of 
the angiosperm may be derived, should cease.” Aside from the phylogenetic 


discussion, the paper analyzes the observed facts and theories in reference to the 
strobilus or ‘‘spike”’ of Gnetum in a most suggestive way.—J. M. C. 


Temperature of leaves in winter.—Using careful methods of d 


a 


differences of temperature by an electrical apparatus, EHLERS,’ working 
Ann Arbor, Michigan, upon Pinus Laricio, found that the leaves through the 
absorption of radiant energy maintain during the winter temperatures o 
10 C. higher than the surrounding air. For the month of February, 650 


readings taken between the hours of 8:00 A.M. and 3:00 P.M., under all 


of weather conditions, including both « loudy and bright days, FAVE 


gi Verage 
differential temperature of 3°06 C. Increased photosynthetic activity result- 
ing from such increases in temperature would seem to be of considerabl por- 


tance, and would tend to explain the presence and accumulation of th 
food material found in evergreen leaves in winter by various workers. EH! 
was unable, however, to obtain any conclusive evidence of carbohydrate forma- 


tion during the months of January and February.—Geo. D. FUL 


Structure of Alaria.—In a recent publication of the Puget Sound Marin 
Station, Miss KippBe*° describes the structure of Alaria fistul I 


features she finds a close resemblance to other Laminariaceac TI hi 


purpose of the paper is to trace the development of the fistulose or chambered 


character of the midrib. Severe strain during growth, resulting from « nued 
transverse and radial division of cortical cells after the cells of the medulla 

§ PEARSON, H. H. W., Notes on the morphology of certain structures concerned 
in reproduction in the genus Guetum. rrans. Linn. Soc. London 8: 
I 32 IQI 

> EnLers, J. H., The temperature of leaves of Pinus in winter. Ar yur 
Bot. 2:32-70. 1915. 

KiBBE, ALIcE L., Some points in the structure of Aluria Puget 
Sound Marine Sta. Publ. 1:43-57. pls. 8, 9. 1915. 
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have ceased to divide, produces rifts in the pith tissue; and from these rifts 
chambers are gradually developed. Meanwhile, hyphal chains and sieve 
tubes, broken down in the process of chamber formation, form a mucilaginous 
substance. Septa between the chambers are made up of hyphal chains left 
unbroken by deep lobing of a ridge sent out along the angled side of the rachis 
and inclosing a portion of the pith web.—Maset L. Roe. 


A new luminous fungus.—KAWAMvuRA* has investigated a luminous and 
very poisonous fungus that grows on the decaying trunks of the beech (Fagus 
sylvatica) in the uplands of Japan, and appears in the autumn. It is known 
by a Japanese name meaning ‘‘moon-night mushroom,” and proves to be a new 
species of Pleurotus (P. japonicus). The light is emitted by the gills only, 
which are uniformly luminous all over. The range of temperature for luminos- 
ity is 3-40 C., the optimum being 10-15°C. Experiments were made by 
exposing the fungus to nitrogen, hydrogen, ether, and vapor of chloroform, in 
all of which the luminosity disappeared after a variable interval; while in 
oxygen there was no change. It is stated that about 100 sq. cm. of luminous 
area gives enough light for reading, and that the luminosity is very evident at 
a distance of 30 m. or more.—J. M. C. 


Alaskan liverworts.—EVANS,® studying the collection of Alaskan liverworts 
made by Dr. T. C. FRYE, finds that of 70 species in a condition to be identified 
with certainty, 20 are new to Alaska, 7 new to America, and 3 new to science. 
The Harriman Expedition yielded 63 species, of which 39 were new to Alaska, 
6 new to America, and one species new to science. The total number of species 
now known in Alaska is 105, and comparatively little intensive exploration has 
been done. An admirable feature of the paper, and one which should be fol- 
lowed by future explorers, is that the latitude and longitude of each station 
are given to one minute. This will enable competent collectors to find at any 
future time almost the exact spot where a collection has been made.—W. J. G. 
LAND. 


Growth and concentration of nutrient solution.—BRENCHLY concludes 
that barley and wheat do not give complete or maximum growth in a solution 
containing the amount of potash and phosphoric acid (K.0 28 ppm. P.O; 7 ppm.) 
stated by CAMERON to exist in soil solutions. The reviewer would suggest that 
the suriace of contact between the root hair or root epidermis and the soil 
particle, and not the general soil solution, is the medium from which plants 


‘ KAWAMURA, SeticuI, Studies on the luminous fungus Pleurotus japonicus, 
sp.nov. Jour. Coll. Sci. Tokyo 35:1-29. pl. 3. 1915. 
32 EVANS, ALEXANDER W., Report on the Hepaticae of Alaska. Bull. Torr. 
Bot. Club 41:577-616. pl. 21. 1915. 
3 BRENCHLY, W. E., The effect of the concentration of the nutrient solution on 


growth of barley and wheat in water cultures. Ann. Botany 30:77-90. 1916. 
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absorb salts. The former bears salt in much higher concentration than in the 
latter, owing to excretion of carbon dioxide and probably owing to the presence 
of mineral acids freed because of the absorption of cations of salts‘! by the 
gels of the walls of the root hairs and epidermal cells —Wwa. CROCKER. 

Vegetation of an atoll—KorpzuM1 has visited and described the vegeta- 


tion of an oceanic coral island lying in longitude 169°5 E. and latitude 6° N 


contrasting the luxuriance of its vegetation with the poorness of its flora. The 
greater part of this atoll is covered with a luxuriant strand forest in which the 
cocoanut is prominent. ‘This is a response to a mean temperature oi 27° C., 


and an annual rainfall of 450 cm. Of its 59 species, 40 seem to have reached 
the island by natural means. The largest families are the Gramineae (6 spp.), 
Euphorbiaceae (5 spp.), and the Leguminosae (4 spp.), their small representa- 
tion also pointing to the conclusion that the flora is altogether derivative and 
of comparatively recent origin—GEo. D. FULLER. 


Parasitism of Comandra umbellata.—Investigating the conditions of 
growth of Comandra umbellata, because of its importance as one of the hosts 
of the heteroecious rust Peridermium pyriforme, so injurious to various pines, 
Hepccock®*® found that in nature the plant is always a partial parasite, being 
united to its host by its roots and apparently most dependent in regard to its 
water supply. Fifty different hosts, scattered through various plant families 
from the Gramineae to the Compositae, are listed. Proof is cited that Coman- 
dra can live without parasitism, and that its seeds may germinate without the 
presence of the roots of host plants, although it is doubtful if it ever does either 
in nature.—GeEo. D. FULLER. 

Anatomy of Nephrolepis volubilis.—SAunv has investigated the anatomy 
of this climbing Malayan fern. It is remarkable for its extremely long stolons, 
which scale forest trees up to 16 m., and enable the “lateral”? plants borne 
on them at intervals to reach far above the mother plant, which is rooted in the 
soil. These lateral plants have no roots, and put out coiled tendril-like stolons 
that show contact irritability. The vascular cylinder of the stolons is an exarch 
protostele, and when a stolon branches, the two steles run parallel to each other 
for some distance, inclosed in the cortical envelope, before they become free. 
It is a case in which a soil-rooted plant gives rise through stolons to an epiphytic 
progeny.—J. M. C. 


4 CzZAPEK, F., Jahrb. Wiss. Bot. 56:97-98. 1915. 


Korzumt, GeNIcHI, The vegetation of Jaluit Island. Bot. Mag. Tokyo 
29: 242-257. figs. 3. 1915. 


Hepocock, G. G., Parasitism of Comandra umbellata. Jour. Agric. Research 
§3133-135- I915. 

37 SAHNI, BrrBAL, The anatomy of Vephrolepis volubilis J. Sm., with remarks on 

the biology and morphology of the genus. New Phytol. 14:251-274. pl. 4 ee 


IQ15. 
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A cretaceous genus of Abietineae.—Dr. Stopes* has investigated a petri- 
fied tree trunk from the Cretaceous of New Zealand, which shows “a striking 
mixture of abietinean arid araucarian characters.” She regards it as a new 
genus, which is named Planoxylon, and which is made to contain two species, 
the one investigated (P. Hectori) and another (P. Lindleii) that had been 
referred to Araucarioxylon by SEWARD. P. Hectori is of special interest because 
“it comes from Australasia, where no Abietineae or Juniperineae or other 
forms with abietinean ray structure are endemic at present.”—J. M.C. 


Morphology of Treubia.—GrUNn,? studying material of Treubia insignis 
Goebel from Tjibodas, finds that the thallus develops from a dolabrate apical 
cell like most of the anacrogynous Jungermanniales; that the archegonia 
occur in clusters of 8-10 and may have as many as 16 neck canal cells each; 
that only one sporophyte develops on each thallus; that vegetative reproduc- 
tion is by means of 3 or 4-celled brood bodies; that mycorhiza are present in 
the thallus; and that the chromosome numbers are 8 and 16.—W. J. G. 
LAND. 


Plagiochasma.—In a monograph of the genus Plagiochasma, EVANs*® 
includes as much of the morphology of the group as will be useful for purposes 
of identification of species, gives a key to the North American species, and 
describes in detail the 6 species found in North America, one of which is new 
to science. The reviewer believes that several new species will be added to the 
group from Mexico when botanical exploration again becomes possible in that 
country.—W. J. G. LAnp. 


Endemism in the flora of New York.—Taytor* has found in the flora of 
the region near New York 22 endemic species, of which he considers 14 to be 
accounted for by generic or specific instability; 2 are “habitat endemics,” 
or habitat forms of more widely spread species; while 5 are evidently relic 
endemics. He is convinced, therefore, that many forces are operative in mak- 
ing endemics, and he gives some discussion of such possible forces.—GEo. D. 
FULLER. 


38 Stopes, Marte C., An early type of the Abietineae(?) from the Cretaceous of 
New Zealand. Ann. Botany 30:111-125. pl. 4. figs. 7. 1916. 
99 GrtN, C., Monographische Studien an Treubia insignis Goebel. Flora 106: 


331-392. pls. 3-5. figs. 14. 1914. 


Evans, ALEXANDER W., The genus Plagiochasma and its North American 
species. Bull. Torr. Bot. Club 42: 259-308. figs. 8. 1915. 
4* TayLoR, NORMAN, Endemism in the flora of the vicinity of New York. Torreya 


16:18-27. 1916. 
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